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Twenty-First ANNUAL REPORT 


OF THE 


Board of Control of the New York Aon 
cultural Experiment Station. 


STATE OF NEW YORK: 
DEPARTMENT OF AGRICULTURE, 
ALBANY, January 15, 1908. 
To the Assembly of the State of New York: 

I have the honor to herewith submit the Twenty-first Annual 
Report of the Director and Board of Managers of the New York 
Agricultural Experiment Station at Geneva, N. Y., in pursuance 
of the provisions of the Agricultural Law. 

I am, respectfully yours, 
CHARLES A. WIETING, 


Commissioner of Agriculture. 
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NEW YORK AGRICULTURAL EXPERIMENT STATION, 
W. H. Jorpan, Director. 
GengEvaA, N. Y., January 15, 1908. 
Hon. Cuaries A. Winetine, Commissioner of Agriculture, Albany, 
ery. : 
Dear Sir.— I have the honor to transmit herewith the report 
of the Director of the New York Agricultural Experiment Station 


for the year 1902. 
Yours respectfully, 


S. H. HAMMOND, 


President, Board of Control. 
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1902. 
ORGANIZATION OF THE STATION. 





BOARD OF CONTROL. 


Governor BENJAMIN B. OpE LL, JR., Albany. 
SrepHeN H. Hammonp, Geneva. 

FREDERICK C. ScHRAUB, Lowyville. 

Lyman P. Havinanp, Camden. 

Epvcar G. Dusensury, Portville. 

Oscar H. Haus, North Stockholm. 

Martin L. ALLEN, Fayette. 

JENS JENSEN, Binghamton. 

Tuomas B. Witson, Halls Corners. 

Epwarp A. CALLAHAN, Albany. 


OFFICERS_OF THE BOARD. 


STEPHEN H. HAMMOND, 
President. 


WILLIAM O’HANLON, 
Secretary and Treasurer. 


_ EXECUTIVE COMMITTEE. 


STEPHEN H. HamMonp, ,; 
FREDERICK C. SCHRAUB, 


Lyman P, HaviILaND, 


) 








THomas 3. WILSON. 


STATION STAFF. 


Wuitman H. Jorpan, Sc. D., Director. 


GEORGE W. CHURCHILL, 
Agriculturist and Superin- 
tendent of Labor. 


Wiuu1AM P. WHEELER, 
First Assistant (Animal 
Industry). ¢ 
Frep C. Stewart, M.S., 
Botanist. 
Harry J. Eusrace, B.S., 
Assistant Botanist. 


Lucius L. Van SuykE, Pu.D., 
Chemist. 

*WrLuiAM H. ANDREWS, B.S., 
{CHRISTIAN G. JENTER, PH.C., 
qJ. ArrHuR LE Cure, B.S., 
FrepeErRicK D. Futurr, B.S., 
Epwin B. Hart, BS., 
*CHARLES W. Mupce, B.S., 
TANDREW J. Patren, B.S., 

Assistant Chemists. 
Harry A. Harpine, M.S., 


aad 


< Dairy Bacteriologist. 


**TLORE A. RoGErs, B.S., 
Joun F. Nicuoxson, M.5., 
Assistant Bacteriologist. 
GEORGE A. SMITH, 
Dairy Expert. 
FRANK H. Hatt, B.S., 
Editor and Librarian. 
Victor H. Lowg, M.S., 
Entomologist 
qj Percivat J. Parrott, A.M., 
Howarp O. WoopwortH, M. S., 
Assistant Entomologist. 
SPENCER A. BrEacu, M.S., 
Horticulturist. 
SNATHANIEL O. Bootn, B.AaR., 
Vinton A, CLARK, BS., 
Assistant Horticulturist. 
OrRIN M. Taytor, 
Foreman in Horticulture. 
{F. Arwoop SrrRine, M.S., 
Special Agent. 
FRANK EH. NEwTOoN, 
JENNIE TERWILLIGER, 
Clerks and Stenographers. 
Avin H. Horton, Computer. 


Address all correspondence, not to individual members of the staff, but to the 
New York AGRICULTURAL EXPERIMENT STATION, GENEVA, N. Y. 
The Bulletins published by the Station will be sent free to any farmer applying 


for them. 





*Connected with Fertilizer Control. 
{Resigned August 17, 1902. 
"Resigned August J, 1902. 


yAbsent on leave. 
** Resigned July 1, 1902. 


tIn Second Judicial Department. 
§ Resigned August 5, 1902. 
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TWENTY-FIRST ANNUAL REPORT 


Board of Control of the New York Agri- 
Cultural Experiment Station. 





TREASURERS KEPORT. 





GrENnnvA, N. Y., October 1, 1902. 
To the Board of Control of the New York Agricultural Experiment 
Station: 

As Treasurer of the Board of Control, I respectfully submit 
the following report for the fiscal year ending September 30, 
1902: 

APPROPRIATION 1901-1902. 


GENHRAL EXPENSES. 


Receipts. 
1901, 
Oct. ha LMCOMVOEOL ENING (ogni ahs i ilirg ee a meee mae Peer $3,711 57 
To amount received from 
BROMO L Gleca crane ghecn «= $12,000 00 
To amount due from Comp- 


Mlicume rea oer ete 4,000 00 
ee 16 N00 G0 


$19,711 57 


bo 


1902. 
Oct. 


1901. 
Oct. 


1902, 


Oct. 


" 


jt 


REPORT OF 'THE TREASURER OF THE 


Hxpenditures. 
ay building. and Lrepaive. <0 see 
chemical supplies 2 s29.5 4.) eas ee 
yicontingent expenses +.7.. 70.4 0% 4).4 "on 
r ieeding Satuitey Te. ie eee ae 
’ fertilizers... 
y freight and® express ss... ee at ee 
. furniture and fixttires f,.—0 A neras 4. 4. 
CAT, LPICANC Weller cierimiten ite <5 
HDrapy £4 -ieeeer wee eee ob eee et. 


a.7e m0" ~6 6. 0. 66 @, 8.0 (6) S ©) 9) 69 © 


S16 8 @ O64 ©. 6.18) 6 (6-8 eee ee, ee 


publications ... 
scientific apparatus. vee. ene 
’ seeds, plants and sundry supplies.... 
’ tools, implements and machinery.... 
y traveling @xpenses cn 7 eee 


‘balance .. 


$2,014 90 
921 74 
1,380 75 
676 48 
416 02 
583 15 
483 98 
2,687 09 
599 02 
176 00 
387 50 
1,606 04 
36 69 
1,532 36 
577 62 
1,037 94 


4,594 29 


$19,711 57 


SALARIES. 
Receipts. 
APPROPRIATION 1901-1902. 


To balance... 
To amount received from 

Comptroller oN 2. SLO OU UY 
To amount due from Comp- 


crolier.. .. 


oe at ile He 5,500 00 


$6,788 59 


22,000 00 


$28,788 59 


Hependitures. 
By: salaries \\5-2, Aone ite cs ee tees 


2 By balance 72% 2c eereesmrs rete nie 


$23,380 51 
5,408 08 


$28,788 59 


New York AGRICULTURAL EXPERIMENT STATION. 5 
LABOR. 
Receipts. 
APPROPRIATION 1901-1902. 
1901. 
Oct. oe Bol CV 8 Ee RUM a or ae ase gene lac is Ge a Rea $3,246 81 
To amount received from 
OID ULC LIOE er ec eee eer et Pa.UUU: OU) 
To amount due from Comp- 
EROUM sie riser ctctea latin cise’ ota 3,000 00 
ae 12,000 00 
$15,246 81 
| Harpenditures. 
1902. 
Jat ET yobs oN Ra, ogee Se aa gr ere $11,810 78 
Oct. US IS TERE RICE he tons ae a a So ed ae 3,436 03 
$15,246 81 
COMMERCIAL FERTILIZERS. 
Receipts. 
APPROPRIATION 1901-1902. 
1901. 
Oct. Ss MAREE GEES 1 es a Gee 4 ea ae $2,207 16 
To amount received from 
VO VELOM Le Trsan enon Cot arn amet) > $7,500 00 
To amount due from Comp- 
PSC ie carte Me rameter ts 2,500 00 . 
— 10,000 00 
$12,207 16 
Herpenditures. 
By chemical supplies.................. $218 08 
Inv COU LINGCNT. EX DEUSES. Lo ainsi he tease 2 55 
Bysire1one ard "Express. '.s S65, eee eee en 90 66 
BY furniture and fixtures: :....0....... 4 00 
PPC LoL tele eL UCP AW LL Glue te Once agile, dis va eos 291 37 
By postage and stationery............. 25 99 


1902. 
Oct. 


1901. 
Oct. 


1902. 
Oct. 


REPORT OF THE TREASURER OF THE 


By. publications. gisece oc ee 
By salaries. ...vei gauss gees mene ences 
By seeds, plants and sundry supplies.... 
By tools, implements and machinery.... 
By traveling: €xpenses ..5 si owe Sahl 


- oY eDalan Ge... is oe ibis ebay oe eee ea 


$1,842 
5,061 
94 
897 
3.677 


$12,207 


CONCENTRATED FEEDING STUFFS INSPECTION. 


Receipts. 
APPROPRIATION 1901-1902. 


EO DatanGes, tae Let eabiallee 
To amount received from 

Gonmptro ler) sy" e ee eee $2,100 00 
To amount due from Comp- 

trolleriv es cia tok ue ere 400 00 


Expenditures. 


By contingent expenses... ... ep...) gue 


BY PUbliCarions ose ns... «yee ge 
By salaries. 46 5 oso ce ee eee 
By seeds, plants and sundry supplies.... 
By. traveling Gx penses it. .a entice 


DY, balance...) 5. cpeeneeye Sede betes 


$270 


2,500 


$2,770 


$0 
29 


820 
1,347 
16 
240 


309 


$2,770. 


05 
93 
59 
60 
59 - 


75 


16 


22 


00 


22 


75 
45 
95 
98 
06 
96 
74 


33 


22 


= 


1901. 
Oct. 


1902. 
Oct. 


New York AGRICULTURAL EXPERIMENT STATION. 


SECOND JUDICIAL DEPARTMENT. 
APPROPRIATION 1901—1902. 


Receipts. 

00 TALEO EER ETT See Se ee RS een ee $1,620 

To amount received from 

Comptroller isos. thyagawd «- $7,158 42 
To amount due from Comp- 
TrOllOre meme Pees. oes 841 58 
8,000 
$9,620 
Hapenditures. 

By contingent expenses............0m0% $37 
Ea Dior DW) ENE ie ee TD nn PS 12 
By freight and’expressiy. h.........5.. Le 
By heat, light.and. waters. oui.eailelionl. 20 
PYVRIALDOR) assess che. +s SRR CERN, 404 
By postage and stationery............. 6 
125 PL EUG 8 SAS tien an ac 1,320 
PRUE SAITINOGS aren PL ee etckee eee tet 4,140 
Peres UlGneie MAD PAPALUSE tl. < ciecx e-sin 2 con's: > 5 
By seeds, plants and sundry supplies... 133 
By tools, implements and machinery..... 69 
By traveling expepsessasp.. 5... 5. ee. 739 
SIESTA RSIS | GSS ASS np PR re gen AOD a MPEG 254 
Moe MESA LCI CC Ss hoot Macaca a ade eit alias «ale td gi oo) oe, 4.4 2,462 
$9,620 

Direcror’s House. 

APPROPRIATION 1900-1901. 
Receipts. 

To amount received from Comptroller... $4,456 


Hapenditures. 
To construction director’s house........ $4,456 


48 


00 


48 


60 


27 
00 


06 


48 


76 


76 


1902. 
Oct. 


REPORT OF THE TREASURER OF THD 


Repairs To Orrick BUILDING. 
APPROPRIATION 1901-1902. 
$8,500.00. 


Receipts. 
To amount received from Comptroller... 


Hapenditures. 
By construction... 9, Sa. TaOum ss 


INSURANCE Money. 
1902. 
Receipts. 
To amount received for insurance on 
Darn’) 5*)8 Fs 4b SE ee ee ee 


Haependitures. 
By building and repairs bat. tigit. Jot. 9 
By feeding. stulls.n2 sm .%.  e eeee 
By tools, implements and machinery.... 


. By balance , : 205/52 3). Ae eee 


FERTILIZER LICENSE. 
1901-1902. 
Receipts. 
To amount received for fertilizer licenses. 


Expenditures. 
By amount remitted to Treasurer, State 
of New: York i AAO Poe, |. xis cia 


FrepInG Strurrs LICENSE. 
1901—1902. 
Receipts. 
To amount received for feeding stuffs 
licenses, F7¥Q4 .4 19798 eee eee tenes 


$86 


$86 


$12,863 


$3,728 
202 
391 


8541 


$12,863 


$11,640 


$11,640 


$3,275 


00 


00 


20 
14 
98 


52 


00 


00 


00 


New York AGRICULTURAL EXPERIMENT STATION. 


Expenditures. 
By amount remitted to Treasurer, State 
SEED ACES a A ART Sey pees ER Sr ga a 


$3,275 00 


All expenditures are supported by vouchers approved by the 
auditing committee of the Board of Control and have been fur- 


nished the Comptroller of the State of New York. 


THe Unirep Srates APPROPRIATION, 1901-1902. 


Receipts. 


To receipts from the Treasurer of the 
United States as per appropriation for 
fiscal year ending June 380, 1902, as per 
Act of Congress approved March 2, 
toe (ae Pr Ea Nake’ goat «Li Vaal «is 


Haependitures. 
BME ELC RAT OT Ge raha hg ecole oyta) <a a/'F05 canes ss 
PCE DORLAL CALMS UALIOUODY cis cgigie's ee sls as 
Etec Weiical SUD PMes. av, sic» «ysis <weiole a's 9 
eM ARE AV cee eo Neha eens hs a votre enw 6 a's 
Pet OTOMU Pe ANG TIMUUITCS 5% 5. sinie es nists’ s 
Beyer PAVELING OXDCNSES. 5 6. sie csi oy wie ones 
By contingent expenses... chet aes 


$1,500 


$1,187 
33 
19 


ot 
144 


$1,500 


WituiAM O’HANLON, 


Treasurer. 


00 


75 
10 
60 
00 
00 
66 
89 


00 
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DIRECTOR'S REPORT FOR 19022 





1'o the Honorable Board of Control of the New York Agricultural 
Haeperiment Station: 

GENTLEMEN.— I have the honor to present herewith the pro- 
ceedings of the institution under your charge during the year 
1902. 

It is gratifying to be able to report a year of continued pros- 
perity in what pertains to the essentials of successful experiment 
station effort. The result of experiments and investigations in- 
cluded in this report are highly satisfactory. There is, so far as 
I can learn, a continued relation of good will and cooperation 
with the farmers of the State and the finances of the institution 
haye been adequate in most respects to all pressing needs. 


THE STATION STAFF. 


An unusual number of changes in the Station staff have oc- 
curred during the year. Several members of the staff, in no case 
the head of a department, after longer or shorter periods of faith- 
ful service, have been called to more responsible positions in 
other institutions; and it should be a matter of pride that these 
gentlemen are meeting with success in their new work. 

Under the new arrangement outlined in my report for 1901, 
Mr. F. A. Sirrine closed his connection with the Station as 
Entomologist on July 1, 1902, and became special agent of the 
Station in assisting in the experiments and investigations in the 
Second Judicial Department. 

Mr. P. J. Parrot, Assistant Entomologist, resigned on August 
1 to accept the position of Entomologist to the Ohio Agricultural 
Experiment Station. In accordance with the requirements of 
the Civil Service Rules, H. O. Woodworth, M. §., was appointed 
on July 15 to fill this vacancy. Mr. Woodworth graduated from 





* A reprint of Bulletin No. 229. 
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the University of Illinois in the class of 1892 and subsequently 
pursued post graduate studies at Cornell University. 

N. O. Booth, Assistant Horticulturist, resigned on August 5 
to accept the position of Horticulturist at the Washington State 
College. 

A special examination for the purpose of filling this position 
was requested of the Civil Service Commission, which resulted 
in the appointment, on October 15, of Vinton A. Clark, B. 8. 
Mr. Clark graduated from the University of Vermont in 1898 and 
was for a time since connected with the Office of Experiment 
Stations at Washington. 

J. A. Le Clerc, who was granted a year’s leave of absence from 
September 15, 1901, resigned on August 17 in order that he might 
spend a second year in advanced study. The Civil Service Com- 
mission was requested to hold a special examination for filling 
the vacancy, but as the only candidate who was regarded as 
competent to fill the place accepted another position before I was 
able to communicate with him, the vacancy remains unfilled. 

Lore A. Rogers, Assistant Bacteriologist, resigned on July 1 
to accept a position in the Dairy Division of the U. 8S. Depart- 
ment of Agriculture. Acting under the Civil Service Rules, John 
F. Nicholson, M. 8., was appointed on June 1 from the eligible 
list to fill the vacancy. Mr. Nicholson received his under grad- 
uate degree from the University of Wisconsin and remained for 
two years at that institution pursuing special studies in 
bacteriology. 

In accordance with a vote of vour Board authorizing such 
action, H. J. Eustace, B. S., after a special examination was held 
by the Civil Service Commission, was appointed on June 1 to 
the position of Assistant Botanist. Mr. Eustace is a graduate 
of the Michigan Agricultural College and was for one year a 
student assistant at the New York Agricultural Experiment 
Station. 

Mr. C. G. Jenter, Assistant Chemist, because of ill-health, was 
necessarily granted a year’s leave of absence from November 1, 
1902, and Mr. A. J. Patten, Assistant Chemist, was granted a 
leave of absence for one year from September 1, 1902. 
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DESTRUCTION BY FIRE OF BUILDINGS AND OTHER PROPERTY. 


A fire, the origin of which is not known, occurred at the New 
York Agricultural xperiment Station on May 7, 1902, and de- 
stroyed several buildings — a cattle barn, horse barn and carriage 
house, a barn for storage of machinery and other materials, and 
two poultry houses. AJ] farm machinery and some other prop- 
erty was also burned. This loss rendered necessary the erection 
of new buildings and incidentally demonstrated the present de- 
fenseless condition of the institution against such disasters in 
the future. 

The sums received from insurance on the property burned were | 
as follows: 


Bea rrmeneme ire ree AS SINE ME uD, PTO BIOS et $10,500 00 
RIEL ALN coco s og sn elec dvs ee tet eh ek uM 438 50 
een IP 1. PAE IBA, POON) TL EO DIE, 425 00 
Pee ey ers 100) A) AINOTeO Of)? GT Bo 1,500 00 

ee er te ne re ee cau tues ive $12,863 50 


A ruling of the Comptroller allowed the immediate use of this 
money for replacing, in so far as possible, the buildings and other 
property. 

NEW BUILDINGS AND OTHER NEEDS. 

New buildings.—A new cattle barn of the most approved con- 
struction, and superior to the old one in almost every particular, 
is nearing completion. The cost of this barn, fully equipped, 
together with the expense of grading and of providing temporary 
sheiter for the cattle and horses, will absorb all of that part of 
the insurance money available for construction purposes. The 
other buildings necessarv for the purposes of the Station are a 
combination carriage house and horse barn, a storage building 
for machinery and grain and new poultry houses, all of which 
must be built, if built at all, by the use of funds specially provided 
by the Legislature. The probable cost of the proposed structures, 
based upon estimates by the State Architect for ie aU edad ar 
ones, is stated later. 

Fire protection.—A main of the water system of the city of 
Geneva reaches the Station but supplies no pressure for fire pro- 
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tection purposes. The city fire apparatus is located one and one- 
half miles or over from the Station buildings, with a constantly 
rising grade from the city to the Station. At least thirty min- 
utes must elapse before the city department can give aid. The 
Experiment Station unquestionably must provide its own fire 
protection. A plan has been adopted for doing this, the esti- 
mated cost of which is given below. That such protection is 
essential and wise, in view of the work the Station is doing and 
the value of the equipment subject to destruction by fire, is self- 
evident. 

Hlectric lighting, motor service, etc.— The time has come when 
the Station needs for various purposes, including lighting, motor 
service and chemical operations, the modern conveniences derived 
from a supply of electricity. 

The nearest wires of the Geneva Light and Power Company 
are about a mile distant, and considering the local cost of a cur- 
rent and the abundant steam power already in operation at the 
Station, it seems wise for the Station to install its own plant. 

Poultry plant.—As two poultry houses were burned in the late 
fire, additions must be made to the existing houses, 


Fences.— The Station property is bounded on three sides by 
city streets. At least 400 rods of old fencing must be replaced 
at once by new, which should be attractive in appearance and a 
discouragement to marauders. 


THE SPECIAL APPROPRIATION DESIRED. 


In view of the real needs herein set forth, I recommend to your 
Board of Control that you ask the Legislature of 1903 for a special 
appropriation of $25,000 to provide for the following expendi- 
tures: 


Construction horse barn and carriage house........ $8,500 00 
Storage building for grain and machinery......... 4,500 00 
Extension, of, poultry plant. jw. obese s ould) . -sveprd 700 00 
Four, hundred rods ;of fence. syd silts its ute sesiae 600 00 
General repairs 2). Yea, Sa 700 00 


Fire protection, including pump, chemical engine, 
hose, hose cart, and 1,000 ft. pipe............... 5,000 00 
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Electric plant, including dynamo, storage battery, 
MoOLOrs, CaDle and. Wiring. 428 Ie. AIS IIE RO, $5,000 00 


Perera GN SRE trey PS we dow a Arcee Cs. at "$25,000 00 


MAINTENANCE FUNDS. 
it is recommended that the Legislature be requested to make 
the following appropriations for maintenance for the fiscal year 
succeeding October 1, 1903, an increase of $3,000 over former 
years being necessary to pay sufficient salaries and meet the rise 
in the cost of labor: 


Maintenance fund: 


Rees NIO MS Ce cule so RPS ee tha dos eee $24,000 00 
MEADS coats! s ace ately ws. ca Pee Lee 13,000 00 
General expenses . 2... ee. 16,000 00 
——_—— $53,000 00 
Horticultural investigations; \yand.souie Jae kas 8,000 00 
Hertiizer Inspection.aj naa Geo bh. wae. is Joaiaoe saat. un 10,000 00 


Peedi sluiis inspection... ....ainaiPiilscia Bay. 2,500 00 


THE MAILING LIST. 


The number of residents of New York to whom our bulletins 
are sent continues to show a steady increase, our list showing 
1,181 more names than were recorded a year ago. The total 
increase for the popular bulletin list is 1,862. Since January 1, 
1896, the mailing list for New York has increased about 18,000 
names, or approxiunately 3,000 names per year. This represents 
a normal and not a forced growth. 


BuLueTIn Lists, JANUARY 1, 1908. 


Popular Bulletins. 


Memdents Ofo New Yorks 2.400065 sees oes AONE aa) dae 35,281 
Residents of. other States cil ijccwo.s seg wel. Madar. ka ate 1,300 
ee OTe nS th ie Wi yong GEE cw oa tia iek Shai’ Saecd 4 can? 770 
Experiment stations and their staffs.................. 813 
NES COUBTIOOUS (on oe catia tdie Seiad Bo ie RATER Pv ead ah = 131 
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Complete Bulletins. 


‘Experiment stations and their staffg.................. 813 
Libraries; Screnrisis, tc...) so ska cane ee 265 
POPE gir LISUS |. ot kie ns coke, oe ong eet iel eee ee 210 
Individuals, cae en eG ce en ee ote « tae tase 1,550 
Miscellaneous 3... outs. sre. \s sasppus oe aiaie este sane iene eet 131 

ELAVERT PR ve tN ie hye ater ot shea Saint cate eae ane ae ee Rc 2,969 


WORK IN SECOND JUDICIAL DEPARTMENT. 


The lines of work now in progress in the Second Judicial De- 
partment are as follows: 

(1) Potato spraying experiments. 

(2) Asparagus spraying experiments. 

(3) Investigation on the rots of cabbage and cauliflower. 

(4) Cane blight and other raspberry diseases. 

(5) Spraying for control of San José scale. 

(6) The growing cf chestnuts. 

(7) The commercial value of orchards of dwarfed apple trees. 

($8) A study of grape stocks. 

As results are reached in these various directions they will be 
published. 

Much of the other work done by the Station is as useful to 
the people of the region contiguous to New York city as to the 
farmers of those sections where the experiments are conducted. 

Mr. F. A. Sirrine, the special agent of the Station, is now 
located near Riverhead. 


INSPECTION WORK. 


This includes the same lines of inspection that are enumerated 
in my report for 1901. 
An outline of what has been accomplished in 1902 is as follows: 


Inspection of fertilizers.— For 1902 71 manufacturers licensed | 
548 brands of fertilizers. The Station’s collecting agents visited 
199 towns between April 2 and July 31, obtaining 924 samples 
of fertilizers, representing 446 brands. 
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The following tabulated statement shows the average composi- 
tion of the complete fertilizers collected during the year, together 
with a comparison of the guaranteed composition and that found 
by analysis. 


AVERAGE COMPOSITION OF COMPLETE FERTILIZERS COLLECTED. 





























PER CENT. GUARANTEED. PER CENT. FOUND. Avensae 

NS ns OO ae ee ee ee BN abit per ct. 

found 

| | | above 

Lowest. | Highest.; Average.| Lowest. | Highest.) Average ab ite: 
Mier... 0.41 8.23 1.92 0.68 | 8.97 2.24 0.32 
Available phosphorie acid foo) T2eOOs tage g ke’ WET D et 2. 90 8.62 0.91 
Insoluble phosphoric acid | ...... - ...... Hh sc ochre 33 0.01 | Pe aed i De ee eee 
Potash. 2.4 83.56. a. 4.00%)» 12300] 4.45 0.55. 1913133] 4.67 0.22 
Seer wa nO MITOPeM so ey Ws we Lactd ne akes OO Bie etal ptia Dee il Pein wd. d's 

Water-soluble phosphoric | | 

BRO hs: 6 Seinen fe SU eens een een ae Gey areata 0.00 | 9.80 Mot erie ae 



































FERTILIZERS. 
UN A 
CoMMERCIAL VALUATION | SELLING PricE or ONE TON OF Average in- 
OF COMPLETE FERTILIZERS. CoMPLETL FERTILIZER. creased cost of 
mixed materials 
ol 1 Re ee Le (Be. ee a A ere es ae. Ss over unmixed 
‘ materials for one 
Average. Lowest. | Highest. Average. ton. 
$20 76 $16 $44 ' $26 14 $5 38 

















In the table below we present figures showing the average cost 
to the purchaser of one pound of plant-food in different forms in- 
mixed fertilizers. 


AVERAGE Cost ofr OnE PouNpD or PLANT-FOOD TO CONSUMERS IN 
MIXED FERTILIZERS. 


EM ela Big eons cn 5 amr 0c asi'g 20.8 cents. 
Peoeshoric. acid (Availaple).....:2. oc. cee ec eee 6.1 cents. 


ERE Se FEMME ME 00 2 Ge MASTS B a dose G1! So fer en's do's are: Fin 8 Wad atig, MOEN 5.7 cents. 


Inspection of commercial feeding stuffs.— Bulletin 217 shows 
that for 1902 eighty-five manufacturers or jobbers paid a license 
fee en 129 brands of feeding stulfs. 
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The list of licensed brands may be classified as follows: 


CotLonseed Meal ibs caeuocsiys 4 ob aleneiapeuaen mss coteh ot eck eal een 3 
Linseed. meal 62-29% woces 6 haa cv oe pw Cooney ee 8 
Gluten neal ies Peas oc we occu wile ota whe glaaeg Bt rae cee ara 4 
Gluten feed ©.) Aus Ea STAD a Sa ee ai 
Gerin oil meal 1 
5 
2 
4 


Distillery grains... 5 <0 citein ewe a2 oeehs ee cee ee tee ce 
BLGWer'sS. QTAIIS . iis tectecek. nihig ee + canna Pie tes wea «0. «7s 
Malt sprouts... 


Hominy teed tooo cs i ie ade any ete al Ha ie 16 


Ss 6 @ © 0 © 6 6) 0 6’ « 8 © @ 6 6 GU CS BS 6 O 6 ROTC e BD © 65). 8) Oe Lae 


LOOT: GEIS 6 ship cr coke op cls ben we cls ee ep lo aes ate eee 2 
Meat. and wbonermeal 2c. came . oda ge» eeeree see 15 
Proprietary or mixed feeds... ;. ia sis... f.. © seein aie 62 

POUL ee acl crete ne Pate. alle svea’ sca bast a gece aie a temngae aee cae ete : 129 


Late in 1901 and early in 1902 the Station’s collecting agents 
took 143 samples of feeding stuffs, which were analyzed and 
reported in Bulletin 217. 


CLASSIFICATION OF SAMPLES ANALYZED. 




















Samples 
Samples. | Brands. |unlicensed 

goods. 

No. No No. 
Cottonseed. TIGAL, cise oss senha yc sesct atone ee 9 7 5 
Tainseet mealin 45... werk eee ee te eee eee Ae | 6 1 
Gite meale ine che cegathial oe ee ee 2 2 Pit ee eat 
EU pP ese deere MN 9 SAMMI” Santen rerio le Ios Has ane yer 8 6 | 5 2 
CleTns Ol UCR. gece Guus is ee es igs J Rake Dip = sina 
Distillery’ grains. o <i: oss MT ee a ee eee 1 1 ee 
Malt sprousa, fie. Spt a nen gis Aven eee vies 8 8 6 
Hominy feed: 2%... 4. bate Oh dint nS Sahn, hae MR Ne dati Mare ile 13 19°} 4 
Mixed offals (bran and middlings)............... 17 Ber See 
ironic grains oso). | ide ee eae Geel areca UEC ee ene 6 oD 1 Fee 
Meéestiand. bone mesh) ss ae ee ee 5 | 5 teeta: 
Proprietary ormined feeds! is ag; we aeons 64 54 16 
otal nH ER ATs 2A Ba eae ee 143 118 34 
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It is gratifying to note that the discrepancies between the guar- 
antees and the actual composition of the samples as analyzed are 
becoming less numerous from year to year... This may readily 
be seen from the following list: 


SAMPLES FALLING BELOW GUARANTEES. 








In code’ In fat. 

Yer ct. | Fer et, 
RUC Ea) rt). SOUL Uy oid, el ptred wad ad cir tee ba25Ooleibyery30 
PRO RS PO a ge Uo vas bey Sidi o Kia Hage * ol | 23 





ee ee Oe ha ey Te OPE LNT ale | FL TB AE TIDY 








A large number of samples taken late in 1902 are now in hand 
awaiting analysis. 

The results of this inspection show that while the brands of 
feeding stuffs as a rule compare favorably with the guarantees 
filed at the Station, the character of the goods is such, in many 
cases, as to demand on the part of the purchasers watchfulness 
and close scrutiny of the materials offered in our markets. Oat 
hulls and other nearly worthless stuff are still freely used as adul- 
terants and while the manufacturers exercise care that the guar- 
anteed percentages of protein and fat shall be maintained, the 
carbo-bydrate compounds of many brands are of a very inferior 
character. 


Inspection of insecticides.— During the past year 44 samples of 
paris green and two of other materials have been taken, repre- 
senting 28 manufacturers. Our results indicate a satisfactory 
condition as to the arsenie content of paris green found in ihe 
market during 1902, and the same can be said as to the amount of 
water-soluble compounds present in the samples examined. 


Inspection of Babcock test glassware.— The Station has con- 
tinued to test and mark as required by law all Babcock glassware 
received for that purpose. The responsibility for having this 
done rests with the creameries and cheese factories.. It is un- 
questicnably true that the effect of this inspection has been very 


beneficial. 
Z 
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DEPARTMENT OF BACTERIOLOGY, 


Rusty spot in cheddar cheese.—- The fact that this trouble is 
due to the presence of a specific bacterium was pointed out in 
Bulletin No. 188. In connection with the Dairy Department the 
Department of Bacteriology has worked out and tested a plan 
of expesing all the factory utensils to live steam for 20 minutes 
on each of three days per week. Where this plan has been care- 
fully followed the trouble has been held below the limit where it 
would cause financial loss. In some factories the germs causing 
the trouble continue to be brought by the patrons after the factory 
is put in a satisfactory condition. This phase of the subject is 
now under consideration. 

Cheese curing.—Work in connection with the Chemical and 
Dairy Departments on the causes of cheese ripening continues to 
occupy much time. During the year a definite advance has been 
made in measuring the different factors concerned in the break- 
ing down of the casein. The important part taken by acid-form- 
ing bacteria in the process of manufacture and in certain later 
changes as well as the action of the pepsin of the rennet in the 
decomposition of the casein have been worked out in detail. 

Gas formation in canned peas.— The commercial canning of 
fruit and vegetables is an industry important to the agriculture 
of this State, but thus far its problems have received little atten- 
tion. During the year assistance has been rendered in extrica- 
ting a factory from serious trouble with gas formation in canned 
peas, and the results of our work upon this subject will soon 
appear as a bulletin. 


DEPARTMENT OF BOTANY. 


Potato spraying experiments.-—Very few farmers in New York 
spray potatoes regularly. Because blight and rot are not de 
structive every season, many persons doubt that it pays to spray 
regularly. In order to obtain some definite information on this 
point the Station has undertaken some experiments designed to 
determine how much the yield of potatoes in New York may be 
increased, on the average, by spraying. A second object of the 
experiments is to compare the benefit from three sprayings with 
that from spraying every two weeks. 
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The experiments are to be conducted during ten consecutive 
years in order to secure reliable averages. One experiment is 
located on the Station farm at Geneva; the other near River- 
head, Long Island. ‘The results for the first year are as follows: 
At Geneva, where late blight was severe and the tubers rotted 
some, three sprayings increased the yield by 9814 bushels per acre, 
and seven sprayings increased it 12314 bushels per acre. At 
Riverhead, where there was neither blight nor rot, three spray- 
ings increased the yield 27 2-3 bushels per acre, and seven spray- 
ings increased it 45 bushels per acre. 

Wrinkling of apple and quince leaves.—In June apple and 
quince foliage over the greater part of the State became much 
wrinkled, blistered and distorted. An investigation showed that 
the trouble was caused by severe late frosts which occurred on 
May 10th and 11th while the leaves were partially unfolded. Ice 
crystals formed between the lower epidermis and the green tissue 
of the leaf causing a separation. Thereafter the epidermis ceased 
to grow and expand, and being unable to spread out laterally 
took the form of an arch and thus brought about large interior 
cavities or blisters. Some of the blisters broke, others did not. 
The wrinkling seemed to interfere but little with the action of 
the ieaves and it is doubtful if any appreciable damage was done. 

Spray injury to apple foliage.—In July apple foliage in western 
New York became yellow and spotted and many leaves fell 
prematurely. Unquestionably this was chiefly due to spraying. 
The protracted cold wet weather made apple foliage unusually 
tender and susceptible to spray injury. In midsummer it seemed 
as if the orchards must be much injured, but at the close of the 
season sprayed orchards had the advantage in spite of the injury 
to the foliage. Scab was unusually destructive in unsprayed 
orchards. The spraying of apples should not be discontinued. 


Raspberry cane blight.— It has now been conclusively proven 
by inoculation experiments that the fungus, Coniothyriwm sp., so 
universally found on raspberry canes dying with cane blight is 
the cause of the disease. Infection occurs on the new canes in 
summer and autumn and, probably, also on the fruiting canes in 
early spring. The bluish-black areas which appear on the new 
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canes in autumn and which were formerly mistaken for the early 
stage of cane blight certainly have no connection with the disease, 
but, instead, they seem to be due to a comparatively harmless 
fungus, Sphaerella rubina. 

Spraying experiments with cane blight are in progress. Thus 
far it has not been ascertained what can be accomplished by 
Spraying the new canes, but the experiments show that it is 
useless to spray the fruiting canes with bordeaux mixture. 

In a plantation of Cuthbert damaged about 25 per ct. by cane 
blight, rows sprayed three times in the spring gave an average 
vield of 18514 pints while the average yield of unsprayed rows 
was 20314 pints. . 

The new apple rot.— In the autumn of 1902 there was a remark- 
able epidemic of apple rot in New York State caused by a com- 
mon fungus, Cephalothecium roseuwm, which has been known to 
scientists for over sixty years and during all that time supposed 
to be harmless. Inoculation experiments show that the fungus 
is unable to penetrate the uninjured skin of apples, but that when 
the skin is once broken by other agencies it is capable of causing 
rot. in the present case it took advantage of breaks in the skin 
made by scab. 

Since only secabby apples were attacked by the rot the trouble 
might have been prevented by thorough spraying to prevent 
scab. .in cold storage the fungus, although not killed, does no 
damage. Unsuccessful attempts have been made to prevent the 
decay of slightly affected apples by dipping them in solutions 
of copper sulphate and formalin of various strengths. Briefly 
stated, the proper treatment for this new apple rot is, to spray 
thoroughly and place in cold storage as soon as gathered. 


DEPARTMENT OF ENTOMOLOGY. 


The investigations upon the origin and early stages of sexual 
and parthenogenetic eggs of aphids are being continued. A series 
of observations upon the fly-resisting qualities of about 30 
varieties of wheat planned for the past season were carried out 
only in part owing to the scarcity of the Hessian fly. 

The San José scale — Further studies in methods of control.— 
Experiments with the lime-sulphur-salt wash as a remedy for the 
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scale have been conducted simultaneously in four sections of the 
State, namely, on Long Island near Riverhead, in the upper Hud- 
son Valley near Kinderhook, in western New York at Geneva and 
near the extreme western part of the State in Niagara County. 
The treated trees numbered 718, of which 251 are peaches, includ- 
ing 11 varieties; 129 plums, Japan varieties; 248 pears, including 
about 6 varieties; 3 sour cherries and 31 large Baldwin apple 
trees. 

The trees were examined frequently during the summer to 
ascertain results. The effect upon the trees and scales was 
practically uniform in all the orchards. There was no evidence 
of injury except on Long Island where the fruit-buds of the 
Japan plums were apparently slightly injured, due in all prob- 
ability 10 the late date of treatment. In all cases the foliage was 
delayed about a week but was uniformly as good or better than 
that of the check trees. All of the treated trees, with the excep- 
tion of the Japan plums, bore a fair crop of fruit practically free 
from scale. In some cases, especially the apples, the crop was 
greatly increased. The fruit on the check trees was in every 
case badly disfigured and unmarketable. 

The effect upon the scale was equally pronounced. The check 
trees in all the orchards showed an abundance of living scale on 
both the old and the new growth while on the treated trees only 
an occasional scale was found. 

The wash adhered to the trees much better than was antici- 
pated. All of them remained white for at least two months and 
a residue remained adhering to the bark throughout the season. 

The lime-sulphur-salt wash combines readily with bordeaux 
mixture. A number of experiments were made with this com- 
pound which gave highly satisfactory results. 


DEPARTMENT OF HORTICULTURE. 7 

Variety tests—— The former custom of issuing annual bulletins 
containing observations on varieties of small fruits was discon- 
tinued in 1899. The first report on strawberry varieties published 
by the Station since then is contained in Bulletin No. 218, Novem- 
ber, 1902. In that bulletin are given careful descriptions of the 


new varieties of strawberries which have been fruited at the 
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Station, together with lists of the kinds most productive here, of 
new kinds apparently worthy of testing, of medium early 
varieties, of late varieties and of varieties having a long fruiting 
season. Other characteristics of interest to strawberry growers 
are also set forth. 

Pollen studies.— In a laboratory study of grape pollen in 1902 
the interesting discovery was made that the self-sterile varieties 
of the grape which were studied have a pollen of a peculiar form 
which, when examined dry under the microscope, may readily be 
distinguished from the pollen of self-fertile grapes. This dis- 
covery appears to disclose a quick and reliable way for answering 
the question whether or not a variety is self-sterile. The micro- 
scopic examination of the pollen is a much easier and more ex- 
peditious method for answering this question than the old way of 
bagging the clusters before the blossoms open to prevent the 
access of other pollen and in due time observing whether any 
fruit is formed under such conditions. An account of this work 
is published in Bulletin No. 224. 

Self-fertility of grapes.— From 1900 to 1902 certain other ques- 
tions pertaining to the self-fertility of the grape were investigated 
which were treated in Bulletin No. 223. In previous tests 
varieties which are self-sterile, or nearly so, have shown about as 
little ability for fertilizing other self-sterile sorts as they have for 
fertilizing themselves. In the tests reported in Bulletin No. 223 
they have usually failed to fertilize self-fertile sorts also. In 
some instances, however, indications were found that some self- 
impotent pollen was potent to some extent on other varieties. 

The influence on self-fertility of girdling or sharply bending 
the fruiting canes before the blooming season was also investi- 
gated. In some cases self-fertility or imperfectly self-fertile sorts 
were stimulated to increased productiveness by such treatment. 
In other cases they were not. Further tests need to be made to 
learn whether or not this practice may be profitable with any of 
our commercial varieties. The method is not new in viticulture. 
It is practiced by Greeks with Zante grapes to promote setting of 
fruit and to secure uniformity of bunch and increased size of 
berry. The ring of bark which is taken out is so narrow that the 
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wound readily heals over. In this respect the method differs from 
that used in girdling grapes after the fruit sets as described in 
Bulletin No. 151. 


BULLETINS PUBLISHED IN 1902. 

No. 212. April.— Miscellaneous notes on injurious insects, Il: 
(1) The periodical cicada; (2) the palmer worm; 
(3) white grubs attacking aster plants; (4) Papilio 
asterias attacking celery. V. H. Lowe. Pages 25. 

No. 218. April Treatment of San José scale in orchards, II: 
Spraying with kerosene and crude petroleum. F. A. 
Sirrine. Pages 25. 

No. 214. July.—aA study of some of the salts formed by casein 
and paracasein with acids: Their relation to Ameri- 
can cheddar cheese. [L. L. Van Slyke and E. B. Hart. 

Pages 27. 

No. 215. September.— Methods for the estimation of the pro- 
teolytic compounds contained in cheese and milk. 
L. L. Van Slyke and E. B. Hart. Pages 22. 

No. 216. September.—Analysis of commercial fertilizers for the 
spring and fall of 1902. L. L. Van Slyke and W. H. 
Andrews. Pages 65. 

No. 217. November.— Inspection of feeding stuffs. W. H. 
Jordan, C. G. Jenter and F. D. Fuller. Pages 19. 

No. 218. November.—Variety test of strawberries. O. M. Taylor. 
Pages 14. 

No. 219. December.— Some of the compounds present in Ameri- 
ean cheddar cheese. L. L. Van Slyke and E. B. Hart. 
Pages 14. 

No. 220. December.— Two unusual troubles of apple foliage: 
J. Frost blisters on apple and quince leaves; II. 
spotting and dropping of apple leaves caused by 
spraying. I. C. Stewart and H. J. Eustace. 
Pages 17. 

No. 221. December.— Potato spraying experiments in 1902. F. 
C. Stewart, H. J. Eustace and F. A. Sirrine. 
Pages 29. 


No. 


No. 


No. 


299, 
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December.— Report of analyses of paris green and 
other insecticides in 1902. L. L. Van Slyke and W. 
H. Andrews. Pages 4. 

December.-— Investigations concerning the self-fertility 
of the grape, 1900-1902: (1) Potency of the pollen of 
self-sterile grapes; (2) influence on self-fertility of 
girdling or bending the canes. 8S. A. Beach. 
Pages 22. 

December.— Investigations concerning the self-fertility 
of the grape, 1900-1902, III: A study of grape pollen. 
N. O. Booth. Pages 12, plates 6, fig. 1. 

December.— Centrol of rusty spot in cheese factories. 
H. A. Harding, and G. A. Smith. Pages 27. 

December.— Raspberry cane blight and raspberry yel- 
lows. F. C. Stewart and H. J. Eustace. Pages 38, 
plates 6. 

December.—An unusual apple rot following scab. H. 
J. Eustace. Pages 25, plates 7. 

December.—San José scale investigations, IV: Spray- 
ing experiments with the lime-sulphur-salt wash; 
summer treatment with lime-sulphur washes; ex- 
periments in making a limesulphur wash without 
boiling; spraying experiments with other washes. 
V. H. Lowe, and P. J. Parrott. Pages 68, plates 7. 

December.— Director’s report for 1902. W.H. Jordan. 


Pages 15. 
W. H. Jorpan, 


Director. 


New York Agricultural Experiment Station, 
Geneva, N. Y., Dec. 31, 1902. 
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‘Taste or ConrtreENTS. 


I. Control of rusty spot in cheese factories. 
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REPORT OF THE DEPARTMENT OF 
BACTERIOLOGY. 


BON ROTO rR sRTS TyeSROT. IN) CHEBSE 
PAC TORIES” 





H. A. HarpInG AND G. A. SMITH. 





SUMMARY. 
(1) Rusty spot in cheddar cheese is present in the output of 
a number of factories in this State. 


(2) The rusty spots are caused by the growth in the cheese of a 
red bacterium, just as green streaks in stale bread are caused by 
the growth of a green mold. 


(3) The trouble is most evident in moist home-trade cheese. 


(4) The use of cheese color can not be relied upon to entirely 
disguise the red spots. 


(5) Steaming the factory utensils as a means of combating 
this trouble has been tried in a number of infected factories 
during the past two seasons. 


(6) The results thus far show that this treatment applied 
thoroughly three times per week will prevent financial loss except 
under very unusual conditions. 


(7) While under ordinary conditions the factory seems to be 
the main seed bed of the germs, cheeses made from the milk of in- 
dividual patrons indicate that at times the milk of some patrons 
contains the germs causing rusty spots. 





*A reprint of Bulletin No, 225, 


28 REporRT OF THE BACTERIOLOGIST OF THE 


INTRODUCTION. 


Among other subjects discussed in Bulletin No. 188 of this 
Station was the trouble known as “rusty spot in cheddar cheese.” 
The trouble has continued to appear in factories in different 
parts of the State. During the past two seasons we have studied 
it in four infected factories. Our object in this study has been 
to develop a method of control which can be applied by the fac- 
toryman with ease and certainty. This bulletin gives the results 
of our work and observations in these factories, together with the 
methods which we have devised for the control of the trouble. 


ACKNOWLEDGMENT. 

For obvious reasons the names of the factories and their makers 
will not appear in this publication but we wish to acknowledge 
our indebtedness to the factorymen for their active and intelli- 
gent cooperation during the progress of this investigation. Much 
of the success of the investigation is due to their thoughtful 


observations. 


GENERAL NOTES ON RUSTY SPOT. 
APPEARANCE IN CHEESE. 


Usually the first intimation of trouble which the factoryman 
has is the statement from the buyer that part of his last shipment 
was cut or rejected because there were spots of a reddish color 
on the inside of the cheese. Plugs drawn from cheese on the 
shelves look as though they had been lightly sprayed with red 
ink or cheese-color, depending upon whether the spots are bright 
red or vellowish red like fresh iron rust. -When a cheese is cut 
or broken open and the surface closely examined, the color will 
be found scattered in points the size of a pin point and larger. 
While this color occurs fairly evenly throughout the cheese it is 
usually most noticeable on the surface of the gas holes and other 
openings. If there is free moisture in these places the color will 
be mechanically distributed over the surface of these holes and 
form a yellowish red blotch which may be as large as the thumb 
nail. These blotches can be readily seen at a distance of several 
feet and they are responsible for the financial loss because they 
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are what attracts the unfavorable attention of the consumer. In 
very bad cases the whole interior of the cheese will be as highly 
colored as though annatto had been used, except that the color 
will not be evenly distributed. The spots are not present in the 
freshly pressed cheese but they can be found when the cheese 
is four to eight days old. A warm curing-room hastens their 
growth, while a cool one retards it. During the time the cheese 
is usually held in. the factory the spets continue to grow but if 
no blotches are formed in ten days there is little probability of a 
cut in price. 
WHY THE PRICE IS CUT. 

There is no evidence that the discoloration is in any way in- 
jurious to the health of the consumer, and we have repeatedly 
partaken freely of the worst cases with no bad effects. The tex- 
ture and flavor of the cheese do not seem to be in any way 
affected by the presence of the spots. The cut in price comes 
from the fact that when the consumer notices the abnormal ap- 
pearance of the cheese he thinks it must be bad and will not accept 
it. As a result the retailer returns the cheese to the wholesaler 
from whom he purchased it. This cheese is spoiled by being cut, 
and is sold to a lunch counter for a small price; while others of 
the affected lot are disposed of at a reduced price to the retailer 
who-does not have a discriminating trade. Since the spots do 
not affect the flavor and are not injurious to health the factory- 
man will naturally feel that this treatment is unjust; but the dis- 
crimination merely illustrates well the old proposition that in 
order to cater to a first-class trade, the producer must consider 
appearance as well as quality. In considering this trouble from 
a commercial standpoint it should be remembered that, unless the 
red points are of sufficient size to be readily seen or blotches are 
formed in the cheese, there is little probability of a cut in price. 


RUSTY SPOT NOT TABLE STAIN. 

This spotted appearance of the inside of the cheese should not 
be confused in any way with the pink discoloration of the rind 
and bandage by some termed table stain. This latter trouble is 
often noticed, especially in damp curing rooms, and is due to the 
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action of mold. Table stain can be controlled by carefully wash- 
ing the shelves to remove the mold, followed by burning sulphur, 
and attention to the ventilation. 


FALSE THEORIES AS TO CAUSE OF RUSTY SPOT. 


Many explanations have been advanced by different persons 
to account for the appearance of these rust-colored spots in 
cheese. From their color it was at first supposed that the spots 
were due to iron rust from handling the milk in old cans or rusty 
vats. A chemical examination showed that these rusty looking 
portions contained only a trace of iron, no more than is found 
in a normal cheese. Some buyers held that the trouble was due 
to adding cheese-color irregularly, but the trouble was very bad 
in factories where no color had been used. 

Poor salt has been blamed, but the trouble is found in factories 
using the very best grades of salt and has come and gone while 
the same barrel of salt was in use. 

The fact that the trouble does not appear until the cheese is 
some days old and that from this time it continues to increase 
for some days plainly indicates that it is due to the action of some 
form of life in the cheese. 


HISTORY OF RUSTY SPOT. 
OUTBREAKS IN THE STATE. 


The earliest reported appearance of rusty spot in this State 
was in St. Lawrence County in 1883. For many of the facts con- 
nected with this outbreak we are indebted to Mr. W. W. Hall, 
who was a resident of this county and prominent in cheese mat- 
ters at that time. In July of that year the rusty spots were 
noticed in the cheese at the Elmdale cheese factory near 
Gouverneur. 

The factorymen were utterly at a loss to account for them as 
they were making white cheese and had used no coloring matter. 
The trouble did not develop to any considerable extent and about 
September 1 it disappeared for the remainder of that year. The 
following season it was much worse and continued longer. 

The trouble spread until nearly all of the factories in that sec- 
tion were affected to such an extent that at times they resorted 
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to coloring the cheese in order to cover up the spots. In some 
cases the factory would have no trouble until the autumn months, 
when it would suddenly develop very rapidly, quite often be- 
coming so marked that it was impossible to cover it with annatto. 
“The spots were rarely discovered in the early spring months, yet 
there were some factories where they showed to a greater or less 
degree throughout the whole season. 

About ten years ago this trouble developed in the factory at 
Hailesboro. This factory had good drainage and was well built 
and well managed. The trouble continued for a number of sca- 
sons and the financial loss was some hundreds of dollars. The 
method of manufacture was changed and a very dry, high-culored 
cheese made, but the trouble was unchecked and the spots showed 
through the cheese-color. As a last resort the making of cheese 
was abandoned and the cream was made into butter, although the 
financial returns were then less than those obtained from good 
cheese. The making of butter at this factory is still continued. 

We have not received a report of a serious outbreak of the 
trouble in St. Lawrence County during the last few years. 

The Miller factory at Constableville had an outbreak of the 
spots about 1888. Here it was so severe that coloring the cheese 
failed to cover the discolorations. The factory lost heavily both 
in patronage and in the price of its product. The trouble con- 
tinued until the total destruction of the factory by fire some years 
later. A modern factory was built near the site of the old one 
and there has been no return of the spots reported. 

The old Harrisburg factory in Lewis County had an outbreak 
of the trouble in August, 1895. Reappearing in April, 1896, it 
lasted throughout the season and was so bad that the blotches 
showed through the cheese color. There was less of it in 1897 
and since that time it has not appeared. An old upright press 
which was discarded in the overhauling which the old Harris- 
burg factory received while fighting the rusty spots was taken 
to the adjoining Silver Springs factory. Trouble soon developed 
in the latter and continued until it resulted in the closing of the 
factory. After standing idle one season the factory was thor- 
oughly overhauled and partially rebuilt. Since that time no 
trouble has been reported. 
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The trouble has been observed in nearly all sections of the State 
where white cheese is made. Cases of it have been reported to 
us from St. Lawrence, Jefferson, Lewis, Oneida, Oswego, Alle- 
gany and Cattaraugus counties. 


PREVIOUS SCIENTIFIC WORK. 

In 1896 W. T. Connell studied an, outbreak of rusty spot at a 
Canadian factory. From the infected. cheese he isolated an or- 
ganism which he named Bacillus rudensis: and when a starter of 
this organism was added to a vat of good milk the rust-colored 
spots were reproduced in the cheese. He concluded that the 
trouble was largely due to air-borne infection from the red growth 
along the factory drains. 

Beginning in 1899 we have repeated and extended these obser- 
vations as to the cause of the discolorations in the cheese. We 
have studied outbreaks in a number of factories in widely sepa- 
rated portions of this State and in all cases we have found 
Bacillus rudensis present in large numbers in the rust-colored 
spots in the cheese.2. We have many times repeated the experi- 
ment of adding a starter of this organism to a vat of good milk 
and have reproduced the rusty spots in the resulting cheese. 


NECESSITY FOR THE PRACTICAL APPLICATION OF THE ABOVE RESULTS. 

The work of Connell showed that Bacillus rudensis was at least 
one of the germs causing rusty spot in cheddar. Our own work 
has rendered it probable that it is the only germ directly con-— 
cerned with this trouble. 

Knowing only this fact we were not able to give specific advice 
in the practical problems which confront the dairymen in infected 
factories, but the fact was valuable because it gave a sound basis 
upon which to formulate methods of controlling the trouble. 

In planning methods we have kept in mind the fact that to be 
of most benefit the process must be neither so costly as to dis- 
courage the factoryman nor so vague in its directions as to con- 
fuse him and cause him to spend his time in fruitless effort. 

This publication is a record of our_attempt to apply our krowl- 
edge to actual conditions as they are found in infected factories. 





1Connell, W. T. Discoloration of Cheese. Canadian Dept. of Agr., Bul., 1897. 


2Harding, H. A., Rogers, L. A., and Smith, G. A. Notes on Some Dairy Troubles. N. Y. 
Agr. Exp. Sta. Bul. 183, Dec. 1900. 
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INVESTIGATIONS. 
WORK AND RESULTS “AT FACTORY NUMBER ONE. 


Factory Number One is a large one in the northern part of the 
State and has long had an enviable reputation for turning out a 
fine product. The building, though an old one, is in good repair 
and its location, while high and dry, is on a level area not afford- 
ing good natural drainage. It produces a variety of cheese, both 
colored and uncolored, but makes a specialty of a small-sized 
cheese for home trade. 

The first outbreak of rusty spot occurred in the autumn of 1900 
after receiving patronage from a neighboring infected factory. 
The trouble was not discovered until a large stock of cheese had 
been accumulated for the winter trade and the financial loss was 
correspondingly heavy. During the winter the question was put 
to us very forcibly: ‘‘ What shall we do to stop the trouble? The 
financial loss is more than we can stand and our business will be 
ruined if the rusty spots can not be controlled.” 

Although every thing about the factory seemed in good order 
we recommended as a preliminary step the thorough cleaning of 


the factory and the whitewashing of the inside walls. This was 
done. Early in May the spots again appeared in the cheese, 


showing that the cleaning had not. removed the trouble. We 
then discussed the advisability of using formalin to complete the 
disinfection. The work of Connell had laid stress upon the dan- 
ger of contaminating the curd through the air. The advantage 
of formalin lay in its ability to disinfect the walls, ceilings and 
floor as well as the tools and thus decrease the probability of 
germs being carried to the curd. However the cost of the 
amount of formalin necessary for a single treatment of the 
factory was found to be oven ten dollars. Added to this was the 
difficulty of making the room sufficiently tight to hold the gas for 
the required length of time. On account of the work and expense 
involved as contrasted with the simplicity and effectiveness of 
the steaming process, later to be described, we abandoned the 
idea of using formalin. 

On May 14, in addition to the ordinary cleaning of the tools, 
the curd mill was submerged in hot water for an hour. When the 
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cheese of the following day was examined after the necessary 
interval no spots were found. The occasional boiling of the mill 
was continued, but the spots in the cheese again became plentiful. 
The red points were abundant in all the cheese made between 
June 25 and July 8. In the cheese of the latter day the points 
were very closely set, and could be readily seen by the ordinary 
observer. 

After the cheese was in press on July 3 the curd mill, knives, 
rakes, conductors and everything which came in contact with the 
milk were put into the vat, covered with water and heated with 
steam. It took two hours to heat this water to 160° F. and con- 
sumed a large amount of steam. The process had the further 
disadvantage that the hot water tended to warp the wooden 
utensils. The weigh can and remaining vats were heated with 
direct steam. 

This heating was repeated on July 12, except that the water 
was left out of the vat and the utensils were heated with direct 
steam. In doing this a heavy cloth cover was drawn over the 
vat to retain the steam, and the temperature was raised to 180° F. 
and held there 15 minutes, so that the heat would penetrate all 
portions of the tools. The consumption of steam, while consid- 
erable, was far less than when the water was used and the heating 
of a vat full of tools could be completed in 20 minutes. 

The effect of this treatment upon the cheese was prompt and 
satisfactory. The cheese made July 4 contained less than +> 
as many red points as that made the preceding day and these red 
points remained small and hard to find at the end of 12 days. 

While the activity of the germs was checked by this heating, 
they were not all removed, and in the succeeding days the spots 
appeared in varying numbers, but it was only in the cheese of 
July 12 that they were recorded as large enough to be easily seen. 
As it chanced, the second steaming occurred immediately after 
this cheese was made; and ten days later only a few points could 
be found in the cheese made July 18. 

In connection with our work we made a number of trips to the 
factory to observe the treatment in operation, to compare ideas 
with the factorymen and to examine the cheese upon the shelves. 
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These latter observations were supplemented by others made 
upon samples taken by the factorymen from the cheese of each 
date just as the latter was ready for shipment and mailed direct 
to us. In one or both of these ways we were able personally to 
pass upon the product of each day from June 27 to August 17, 
beside making occasional observations before and since that time. 

While the cheese of this factory was of the home trade type, 
it was so carefully made during this season that little free mois- 
ture was present, and as a result the formation of blotches was 
reduced to a minimum. 

Although the trouble was successfully checked, the factoryman 
was naturally desirous of having it entirely removed from the fac- 
tory. As has been mentioned, there had been a transfer of pat- 
ronage from a neighboring infected factory in the season of 1900, 
and it was natural to suppose that the patrons had brought the 
germs with them. The most probable source from which they 
could have obtained these germs was through the whey from this 
factory. 

Since in this way the whey had been brought under suspicion 
as being a means of spreading the trouble the factoryman was 
desirous of pasteurizing his whey and thus cutting off the transfer 
to his patrons of germs to be later returned with the milk. 

To accomplish this a 34-in. steam pipe was connected with the 
whey vat and about 10 ft. of the pipe placed around the bottom. 
The vat received the whey from about 10,000 Ibs. of milk. The 
following observations were made on the first heating, July 24. 
Heating began at 11.00 a. m. when the whey showed a tempera- 
ture of 95° I'.; by 11.20 this had risen to 140° and by 12.05 to 
162°. Steam was then turned off and the whey cooled slowly, 
the temperature at 2.15 being 158°, at 3.30 140°, and at 7.00 a. m. 
the next day 110°. This high temperature in the morning was 
probably due to a slight infiow of steam through valve leakage. 

The heating to 162° I’. was repeated on July 25, 26 and 27, but 
was temporarily discontinued on account of the leaking of the 
vat. Asa result of the heating there was a slight settling out of 
the solids, but any difficulty in a fair division of the whey could 
be readily overcome by an occasional stirring. On the following 
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morning the whey was still sweet to taste, indicating that 
fermentation had been checked and that the whey was in prime 
condition for feeding. 

_The heating of the factory utensils was Hépéa tail on July 24 
and 27, and August 3 and 9. Examination of cheese made dur- 
ing this period showed that after July 24 the spots decreased in 
number so that during a considerable portion of the time few or 
none could be found. 

After the beginning of the treatment in July there was very 
little of the cheese where the spots would be detected by any but 
an experienced eye and there was no financial loss on this account. 
Since the close of our regular observations no outbreak has oc- 
curred, and occassional examinations of the product of this fac- 
tory have failed to show any red points. 

At the beginning of the trouble we had recommended that all 
the cheese be colored to guard against loss. This was done until 
after the heating had shown itself to be effective, when a part of 
the cheese was regularly made uncolored during the remainder 
of the season. i 


EXPERIENCE IN A BRANCH OF FACTORY NUMBER ONE. 


During the season of 1901 a slight outbreak of rusty spot 
occurred at a branch of this factory. Steaming of the vats and 
utensils, according to the same plan which had been followed at 
the main factory, was immediately begun, with the result that the 
spots disappeared in a short time and have not since reappeared. 


WORK AND RESULTS IN FACTORY NUMBER TWO. 


In Factory Number Two, which was widely separated from 
Factory Number One, there was an outbreak of rusty spot in the 
autumn of 1900, causing a considerable financial loss. This fact 
was reported to us in November, too late to do anything with it 
at that time. The trouble again became so marked as to attract 
attention in July, 1901. We visited the factory on July 31 and 
found red points in stored cheese of the preceding May. 

The factory is a wooden building in ood repair situated in a 
valley near a small creek which affords opportunity for good 
drainage, but this has not been utilized to the fullest extent. The 
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whey vat was in fair condition and located about 30 ft. from the 
factory and at the side of the creek. The inside of the factory 
was not ceiled but side walls had been whitewashed during the 
season. The product was a moist, loose-textured home-trade 
cheese, very favorable for the development of red spots or 
blotches. R 

An examination at the factory on July 31 showed that distinct 
blotches had been formed in the cheese of July 17, 20, 28, 25 and 
26, and red points were evident in cheese of July 27 and 28. A 
later examination of samples on August 9 and 13 showed blotches 
in cheese of July 27, 28, 30 and 31. 

Owing to his desire to sell the greatest possible amount of 
water at cheese prices the maker wished to continue, if possible, 
the manufacture of this very soft cheese. As a precaution we 
recommended coloring the cheese, which was begun August 2, 
and has been continued to the present time. 

On July 31 all of the utensils which came in contact with the 
milk were placed in the vats and steamed at 180° F. for 15 
minutes. 

A curd sink was in use at this factory and this was treated in 
the same way as the vats except that from its more open construc- 
tion the work could not be as satisfactorily carried out. The 
weigh can was inverted and the steam introduced through the 
faucet. This heating was repeated on August 1, 2, 3, 5, 6, 7, 8, 
9, 10, 12, 15 and 17. A steam connection was made with the 
whey vat and the whey was heated to 145° on August 2, 3, 5, 6, 
and each succeeding alternate day until the 17th. At this time 
the heating was discontinued because the vat was leaking. 

During the first four days after the beginning of the heating 
the milk was handled in two vats and there was a marked differ- 
ence in the number of red points present in samples of the cheese 
from the two vats on each day. After this time the milk was 
made up in a single vat and no further observations of this kind 
were possible. 

On August 1 and 2 the cheese from one vat was blotched but 
the use of cheese-color prevented the blotches from showing in 
the cheese of August 2. The cheese of August 3 showed only 
an occasional red point and after this date the points, though 
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present, were not sufficiently numerous to cause trouble until 
August 15. On this date blotches were formed, though fortu- 
nately they were obscured by the cheese-color. It so chanced 
that the steaming of the utensils occurred on this day and not a 
single red point could be found in the sample from the cheese of 
August 16. The small red points in the colored cheese were so 
difficult to detect with the unaided eye that the maker overlooked 
them and thought that the trouble had disappeared. Accordingly 
he restricted the heating to the utensils placed in the curd sink 
on August 19, 21 and 31, and then entirely ceased the steaming. 
Left to itself the trouble increased again until the cheese-color 
failed to cover up the blotches on August 28, September 1, 3, 6, 
7, 9, 10 and 11. The factory was visited on September 10 and — 
the actual condition brought to the attention of the maker. After 
this date the vat and utensils were steamed regularly three times 
per week. The number of spots decreased rapidly, and during 
the first half of October entirely disappeared for over two weeks. 

The principal results of this season’s experience at this factory 
may be summarized as follows: 

(1) In making moist, home-trade cheese, coloring alone can 
not be relied upon to cover up rusty spot. 

(2) The marked difference in the development of the spots in 
cheese made upon the same day in different vats can best be 
explained by assuming an introduction of germs with the milk. 

(3) In all but exceptional circumstances careful steaming, 
three times per week, will keep the trouble below the point where 
it will cause financial loss. 

While the spots were kept below the point where they would 
cause financial loss upon the cheese, their almost constant pres- 
ence indicated that there was a seed bed which our present 
methods did not reach. The work of 1902 was mainly directed 
toward determining the source of supply. 


WORK AND RESULTS AT FACTORY NUMBER TWO IN 1902. 
Although we kept in touch with the factory from the opening 
of the season, it was not until July 24 that we received samples 
showing the red points. , 
On July 31 we collected quart samples from the milk of each 
of the 31 patrons, and from each sample we made a little cheese, 
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taking care to reduce, as far as possible, the chances of contami- 
nation from the factory. The details of this method of making 
cheese from milk samples are given on page 47. 

The little cheeses were at once brought to the Experiment 
Station and cured at 70° F. When examined on August 15 red 
points in abundance were found in the cheeses representing 5 
patrons and a single red point in each of 3 others. Cultures 
from a number of these red points showed that they were really 
due to the presence of Bacillus rudensis. The remaining 25 sam- 
ples: failed to show any red points. Owing to a misunderstand: 
ing we failed to receive samples of the factory cheese made on 
this date. 

Samples were collected from all of the patrons and little 
cheeses were made August 19 and 20 with the same precautions 
as before. When examined, August 30, one cheese of August 19 
and two of August 20 contained a very few red points. These 
three samples represented three patrons, but two of them were 
among the eight whose samples had produced red points July 31. 

The steaming of the factory utensils, which had been followed 
the preceding season, was begun in July at the first appearance 
of spots in the cheese. When duplicate samples from the factory 
cheese of August 19 and 20 were examined no red spots could be 
found. 

As the result of these observations, and particularly of the 
examination of July 31,°the presence of an outside source of 
contamination was made fairly certain, and strong suspicion was 
attached to the patrons as being the source of the trouble. 

No further outbreak occurred this season, and consequently 
we were unable to carry further our investigation of this point 
at this factory. 

The results of the treatment during the two seasons is summed 
up by the maker in a letter of recent date as follows: “I have 
had very little trouble this season. Some showed in the cheese 
of September 23 to 28, but I could not find a trace of it in the 
October cheese. I notice that if my cheese is very soft and wet 
the spots are more likely to appear. I find the steaming process 
very satisfactory, for in this way I can keep the trouble down so 
that it is not noticed by the buyers.” 
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WORK AND RESULTS AT FACTORY NUMBER THREE, 


The patrons of Factory Number Three suffered from rusty 
spot in an old factory for a number of years without finding any- 
thing which removed the trouble. The cheese was colored very 
high, which partly concealed the spots, but the financial loss was 
heavy. 

As the owner was unwilling to renovate the old factory, the 
farmers put up a new one in the fall of 1901. This may fairly be 
considered a model of its kind, well built, the inside walls ceiled 
throughout, a cement floor in the making room and everything 
so constructed as to be easily kept clean. The utensils were new, 
except a steel gang-press which was brought with them from the 
old factory after having been used there about a year. 

The new factory opened in March, making a white, home-trade 
cheese, but the presence of red spots was soon discovered. At 
their request we visited the factory April 10 and found a well- 
made lot of cheese, very generally affected with the rusty spot 
and blotched in most cases. They had returned to the use of 
cheese-color just before our visit and we instituted the same 
method of steaming vats and utensils which had been practiced 
at the other factories, with the added feature that an old cream- 
ery tank was fitted up for steaming the hoops and followers. This 
steaming was repeated three times per week during a consider- 
able portion of the season. 

The factory was visited a number of times, and samples were 
received regularly until the middle of May and at irregular inter- 
vals from that date until the close of the season. While the red 
spots did not permanently disappear from the cheese, they were 
so small and so infrequent as not to cause financial loss. 

The attempt was made on April 10, 11 and 21, July 25 and 
August 18 to determine the presence of Bacillus rudensis by 
making a small cheese from a sample of the milk of each patron, 
as described on page 47. The first three of these attempts were 
failures, due to our lack of experience in the making of this kind 
of cheese, while at the two later dates there was an almost entire 
absence of the germ, as shown by the factory cheese. 

As the result of these examinations the red spots developed 
in two samples from each of two patrons and in one sample 
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from each of two others, but the numbers present were too small 
to make it advisable to push the inquiry farther. 


OBSERVATIONS AT FACTORY NUMBER FOUR IN 1900. 

Although Factory Number Four was, in point of time, one of 
the first with which we worked, the discussion of our observations 
has been reserved because of their greater number and interest. 

The first outbreak occurred early in October, 1900, but we 
were not called to the factory until late in the following month 
just as the factory was closing for the season. 

The building was an old one and had apparently received few 
repairs. The wooden floor of the making room was broken 
through in a number of places, allowing the floor slops to flow 
through upon the stones below, which were covered with the 
accumulated filth of years. The whey vat had not been cleaned 
in weeks because it was so old that on being emptied and dried 
a little it would no longer hold whey. As it was, the leakage 
from this source maintained a large mud hole. The drainage, 
which was by nature fair, had been neglected. The curing room 
and utensils were clean and in good order, and the maker was 
evidently doing his best under very adverse circumstances. 

Little could be done aside from explaining the cause of the 
trouble and urging: the necessity of a thorough cleaning up and 
preparation for the outbreak, which was almost certain to come 
the following season. 


WORK AND RESULTS AT FACTORY NUMBER FOUR IN 1901. 

July 17 we received word that an outbreak of rusty spot had 
occurred and we reached the factory the following day. A strik- 
ing change in the factory and its surroundings was evident. The 
drainage had been improved, a new whey vat and connections 
had replaced the old, the inside of the making room had been 
ceiled up, and, best of all, a cement floor had replaced the old 
wooden one and buried the filth beneath it. 

With the opening of the season, the factory had begun the 
manufacture of an extremely moist, uncolored, home-trade cheese 
of good quality, for which trade conections at good prices were 
quickly established. The resulting high dividends caused the 
return of the patronage which had left as the result of the finan- 
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cial loss the preceding season, and at this time cheese was being 
made in three vats. 

The results of our examination of the cheese on hand July 2 
can best be condensed into a table. 


OBSERVATIONS OF CHEESF At Factory No. 4, on Juty 20, 1901. 

















Date 
aE ON Vat. Appearance of cheese. 


July 6 | West No spots. 
6 | Middle | Few red points. 
6 | East | No spots. 





West Very bad—large yellowish red blotches in holes near the rind. 


ti 

7 | Middle | Much less than in west vat. 

7 | East Very little showing. 

8 | West Little except near outside of cheese. 


8 | Middle | Very little. 
8 | East Very badly blotched. 


9 | West Very bad. 
9 | Middle | Points fairly plenty. 
9 | Kast Little more than in middle vat. 





10 | West | Fairly plenty. 
10 | Middle | Little more. 
10 | East Least. 


11 | West Plenty. 
11 | Middle | Plenty — shows small pieces of red curd. 
11 | East Presence of points doubtful. 


12 | West As little as any since July 6. 
12 | Middle | Little more than west vat. 
12 | Hast About same as middle vat. 





13 | West Few points; 3 or 4 on cross section of plug. 
13 | Middle | None found. 
13 | East About same as west vat, very little. 


14 | West Blotched, especially near rind. 
14 | Middle | Points plenty, more numerous near rind. 
14 | East Points plenty, more numerous near rind. 


LOT seek eee No spots showing in cheese. 





From the above notes it will be observed that the trouble 
appeared as an outbreak or wave which reached its crest about 
July 9, after which it tended to die down of its own accord. This 
phenomenon has been since observed on a number of occasions, 
but no satisfactory explanation has yet been found. 
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It will further be observed that there is often a marked differ- 
ence in the amount of discoloration produced in the cheese from 
different vats on any given day. 

We have already commented upon similar observations in con- 
nection with our work at Factory Number Two, and in this fac- 
tory, with its larger number of vats, we have observed repeated 
examples of this relation during the two past seasons. During 
both seasons the trouble was usually most marked in the west 
vat, which received the milk of the first patrons. 

On July 15 the factorymen had made up separately a portion 
of the milk from each of 30 patrons. There was the theoretical 
objection that in making up these samples in open vats and with 
a Single set of tools a mixing of the germ content of the various 
samples would take place; and there was also considerable oppor- 
tunity for contamination by germs from the factory air. 

When these samples were examined July 20 six of the thirty 
showed a small number of red points. | 

Owing to the above objections to the method of manufacture 
and to the small number of-spots found in any case, little stress 
was laid upon these results, but when it was found that the fac- 
tory cheese, made the same day, showed only an occasional spot 
in the product of one vat and none in the cheese from the other 
vats these observations added something to the probability of an 
outside source of contamination. 

The same method of heating the vats and utensils which was 
then giving satisfaction at Factory Number One was started at 
Factory Number Four on July 19. 

The high percentage of moisture in the cheese which the fac- 
tory was making gave very favorable conditions for the formation 
of blotches, but owing to trade relations it was desirable to con- 
tinue the manufacture if possible. The presence of these blotches 
had led the maker to use cheese-color in an ineffectual attempt 
to cover up the discolorations and we advised continuing its use. 
However, the disappearance of the spots was so marked that after 
August 1 white cheese was made throughout the season, with 
the exception of a short time, about October 1. We have con- 
densed into the following table the results of our observations 
of the cheese during the entire season. 
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OBSERVATIONS ON CHEESE AT Factory No. 4, 1901. 
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Li. 3 q LA “ q 
. = 3 4 ; - g ss orenl 
3 A 3 a Condition of cheese. eS B 3 ¢ Condition of cheese. 
e¢| 3/13/32 aegis Pe 14 
a= A | |e | A A |e le 
July | July Aug. | Aug. 
26 14 | — |W 3 | + |W | 1 pt. found in plug. 
M bau faintly blotched. M | 1 pt. found in plug. 
| E -E | No pts. found in plug. 
15 | — |W | Only occasional spot. 44 OW 
M | No spots found. M | -No spots found. 
E | No spots found. E 
16 | — |W. 50 small pts. in plug. 5 WwW 
M 5-6 small pts. in plug. M |}No spots found. 
E | 50 small pts. in plug. | E 
17 | — |W 5-6 small pts. in plug. 6 | + |W| Nopts. found. 
M = 2small pts. in plug. | M Few very fine pts. 
E | Faintly blotched. | E | Nopts. found. 
£8 (etd TW Faintly blotched. 21 7|— |W! No pts. found. 
M | Faintly blotched. M! No pts. found. 
E33 small pts. found. E | Few fine pts. 
19 | + |W | No spots found. | 8| + |)|W 
M | 4 small pts. found. M | }No pts. found. 
E | No spots found. E 
es ot | Es 9|—| Me Few fine pts. 
+. 1 
m + No spots found. E | No pts. found. 
— | | | —| 21 10, + | W| Nopts. found. 
21 | — |W | M | No pts. found. 
“4 | No spots found. E | Very many small pts. 
——-|—— || | —___—__—_—_ —— 11 Ww 
13 23 | + |W M {No pts. found. 
. {No spots found. E 
| | ||) — 12 | — |W 
24 | — |...) No spots found. A }No pts. found. 
25 | + |W! Nospots found. —— | 
M | Many small pts. 13 | + |W 
E | No spots found. a No pts. found. 
26 | — |W! Many small red pts. eS 
M | Few scattering pts. 14 | — |W 
E | No spots found. vt No pts. found. 
8 Dhol bell ior: Few small pts. ES a ee Se 
——- | ——-| —— |-—  — a —_— 31 15 | + {|M “iginalt | “peat pts. fairly 
28 | — |W! Tessthan other two. abundant. 
M | Found plenty pts., E | No pts. found. 
{ small. —— | ——— | ——_ | —- 
E Found plenty pts., 146, — |M_| Nopts. found. 
small. E | 4 pts. in plug. 
29 | — | ? Pts. plenty — almost 17.| + |M}| Fewpts. 
enough to blotch. E | 2 pts. found. 
30 | + | ? | Many small pts. 18 ;|—{iM/ Nopts. 
———|—_—— =) E | Fewpts. 
Aug, ee ee ee 
17 1| + |W ss ¥ pt. found in 19 | —j|M 
No pts. found. 
M Only a pts. found in E 
E Only 3 8; pts. found in|/Sept. 
‘Sita tech Po Se tows 10 20 | + 3 No pts. found. 
2|— |W) Badly blotched. fee 
M | 4pts. found in plug. 21 |—|M! No pts. found. 
E | No pts. found in plug. E | Single pt. found. 
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OBSERVATIONS ON CHEESE AT Facrory No. 4, 1901 — Continued. 


servation. 
Date made. 


Date of ob- 
[+ | 
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Sept. 
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.| No pts. found. 





Condition of cheese. 


No pts. found. 
Faint film on holes. 


| No pts. found. 





No pts. found. 
Slightly blotched. 


} No pts. found. 


No pts. found. 
Few well developed 
points. 











Few scattering pts. 
Faint film on many 
holes. 





| No pts. found. 
Many arial pts. 
No pts. 











No pts. 


t No pts. 





No pts. 
Few pts. 





(No pts. found. 





No pts. found. 
Few pts. 


No pts. 
Few pts. 


No pts. 





servation. 
Date made. 


Date of ob- 





Oct. 
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oe 











11 
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| be 
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M 
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St No pts: 





Condition of cheese. 


No pts. 
Fine points 
‘abundant. 


fairly 


No pts. 
Few pts. 








No pts. 
No pts. 


No pts. 





No pts. 


No pts. 
1 pt. 


Fairly plenty. 
No pts. 


| Shows plainly. 


t Badly blotched. 


Blotched. 
Many fine pts. 


2 pts 
Many fine pte. 


t Few seatterirg pts. 


Few small pts. 
No pts. 


No pts. from either v’t. 





a a a A 


The collection of such data over so long a period from a fac- 
tory located a hundred miles from the Experiment Station would 
have been impossible without the hearty co-operation of the fac- 
As far as possible we have given the results of our 
own observations at the factory and have supplemented these 


torymen. 


with the results from samples sent us by the factorymen. 


The 


cheese made each day was dated as it came from the press, and 
practically the only opportunity for error in sampling lay in the 


chances of mixing the product of different vats. 


This might 
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occur through the distribution of the residue after filling the last 
hoop in any vat or through a confusion in placing the cheese 
upon the shelves. Constant care was exercised, and we believe 
that the data as given are substantially correct. 

The omissions during the first and the last weeks in September 
were accidental, and the latter is particularly to be regretted, 
Since it occurred just at the time of an outbreak. The only pre- 
disposing cause which could be found within the factory at this 
time was a change in the method of manufacture, which left 
considerable free moisture in the curd and allowed the small 
number of germs present to do a maximum amount of damage. 

During a considerable portion of the season the red points were 
so small and scattering that they would have been overlooked 
without a magnifying glass, and even with this aid they could 
not always be found. At no time were they sufficiently evident 
to cause financial loss except in one vat on August 2 and in a 
half dozen vats during late September. 

These favorable results were obtained notwithstanding the fact 
that during this time the cheese contained a high percentage of 
moisture and was uncolored, making the conditions very favor- 
able for the formation and observation of blotches. 

A single set of tools was used in all the vats, and the marked 
Showing of spots in the product of one vat, while they were 
practically absent in the others, suggested that the inoculation of 
a considerable quantity of Bacillus rudensis was necessary in 
order to result in any considerable showing in the cheese. 

The same observations regarding the difference in the product 
from different vats on the same day, which is well illustrated on 
August 2, could be best explained by the assumption that there 
was an outside source of contamination which our heating process 
did not reach and which at irregular intervals furnished a heavy 
inoculation of Bacillus rudensis in certain vats. 

For the purpose of testing this assumption samples were col- 
lected in steamed quart fruit jars from the milk of 21 patrons on 
October 24 and each manufactured into a cheese with the least 
possible exposure to contamination. When these small cheeses 
were examined on November 5 red spots were fairly plenty in 
two and a few were found in two others. | 
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WORK AND RESULTS AT FACTORY NUMBER FOUR IN 1902. 


Method of making test cheese.— Encouraged by the results of 
our preliminary trial in October, 1901, we devoted considerable 
time to studying the method of making small cheeses in fruit jars. 

This method was introduced to the dairy industry about twenty 
years ago by H. A. Rees, of Lowville, State Cheese Instructor, 
as a means of determining the quality of patrons’ milk. The 
same method for determining the same point was more recently 
rediscovered at the Wisconsin Dairy School and called the Wis- 
consin Curd Test. 

In applying this method to the determination of the presence of 
Bacillus rudensis in the patrons’ milk we first carefully washed 
and steamed the fruit jars to destroy the germs which have 
remained from previous tests. Samples were collected in these 
jars as the patrons’ milk was being emptied into the weigh can, a 
few drops of rennet added, the cover screwed down tightly and 
the can stood up in a bath of warm water. When properly 
thickened the curd was broken by shaking and the whey expelled 
by agitation and heat. When the curd was dry enough the can 
was opened, the whey poured off, and the curd salted and pressed 
by hand in small cheese-cloth bags. <A quart of milk produced a 
cheese slightly smaller than a base ball. 

Up to the time the can was opened to remove the whey the 
curd was entirely protected from contamination. Some chance 
for contamination was unavoidable during the pressing process, 
which was accomplished with the hands. The hands were washed 
before handling each cheese, and in order to determine whether 
B. rudensis was carried in this way, a record was kept of the 
order in which the cheeses were pressed. On comparing ‘this 
order with the results of the examination of the cheese it was 
found that in only a small number of cases could red spots be 
found in the cheese handled next after those abundantly seeded 
with Bacillus rudensis. 

The point of prime importance in the preparation of these 
cheeses was to remove a sufficient amount of water from the curd 
before enough acid had formed to cause the curd to “ string ” on 
the hot iron. The formation of greater quantities of acid for 
some reason prevented the development of spots. Since the work 
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was carried on without opening the cans, considerable skill was 
necessary, and our success varied greatly at different times. 
Whenever we obtained the development of a fair amount of red 
spots in the cheese we assumed that the milk contained Bacillus 
rudensis, but in cases where no spots appeared we could not say 
with certainty whether the germs were absent or had been pre- 
vented from showing by unfavorable conditions in the cheese. 

Results of this test ir 1902.—During the past season we have 
used this method of testing the milk of some of the patrons at 
Factory Number Four on a number of days. Our object in 
repeating the test was to determine, if possible, how constantly 
certaia dairies furnished starters of Bacillus rudensis, and also 
whether there is any relation between the amounts present in the 
milk from the patrons and the extent of the discoloration formed 
in the cheese of that day. 


— ==No red spots found. 
+ ?== Single point or points located 
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Rusty Spors IN SMALL CHEESES. 


oustide of cheese. 
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+ == Less than a dozen red points found. 
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In considering these results it should be remembered that we 
were able to handle samples from only about one-third of the 


patrons on any one day. 
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Taking the results on different days, as shown in the above 
table, it will be seen that the positive results were most marked 
on August 5 and 6 and August 23. It so happened that there 
was a sharp outbreak in the factory cheese of August 5 and 6, and 
the samples of those days marked -++- + -++ were completely filled 
with closely-set red points, indicating that these dairies had fur- 
nished, on these days, a heavy starter of Bacillus rudensis. 

Much less discoloration developed in the factory cheese of 
August 21 to 28, and while there was a moderate number of red 
points present in the samples from a considerable number of 
patrons on. these days, the contamination in individual cases did 
not appear to be as heavy as on August 5 and 6. 

The factory cheese of September 4 and 5 was almost entirely 
free from red points, and it will be observed that these were also 
lacking in the test cheeses of these dates. 

The difference in the results 6f August 21 and 23 can be partly 
accounted for on the basis of difference of manufacture. While 
there were good individual cheeses on each day, the formation of 
acid in the cheese of August 21, taken as a whole, was too great. 
The cheeses of August 22 averaged much better in this respect, 
and those of August 23 were, everything considered, the best 
which we have succeeded in making. 

It will be further observed that in no case did any one patron 
respond positively to four or more consecutive tests. This failure 
to respond in some cases may be ascribed to lack of success in 
preparing the small cheese, but these results accord well with 
our observations in the factory, to the effect that the introduc- 
tion of Bacillus rudensis, at least in appreciable quantities, 
occurs only spasmodically. <A failure to respond in three or 
more consecutive tests is shown in a number of instances. 


WHAT IS THE SOURCE OF THE CONTAMINATION? 


The presence of rusty spots in the cheese points to the factory 
as the source of supply of Bacillus rudensis. 

The curd mill is a utensil peculiarly difficult to clean in the 
ordinary way, and our experience at Factory Number One indi- 


New York AGRICULTURAL EXPRPRIMENT STATION. 51 


cates that at times this may harbor a large growth of Bacillus 
rudensis. At the time of a small outbreak at Factory Number 
Four in 1902 red discolorations were observed on the wooden 
followers of the cheese hoops. The hoops, cloths and followers 
were thoroughly steamed, and the spots did not appear in the 
cheese of the succeeding days. The fact that a thorough steam- 
ing of the vats and tools rapidly cuts down the number and 
importance of the spots strengthens the belief that under ordi- 
nary conditions the main seed bed of infection is in the factory. 
However, the sudden appearance of a large number of red 
points in the cheese from a single vat when ‘the product of the 
remaining vats was nearly or quite free from the trouble points 
to an outside source of contamination. The presence of a con- 
siderable number of red points in the test cheeses made direct 
from the milk of the individual patrons, together with the fact 
that these points were especially numerous just at the time when 
the spots were abundant in the product of the factory, makes it 
fairly certain that at times considerable quantities of Bacillus 
rudensis are brought to the factory by some of the patrons. 
The next step is to determine when and under what conditions 
Bacillus rudensis gains entrance to the milk. Considerable work 
in this connection has already been done, but the data collected 
were not sufficient to warrant drawing safe conclusions when the 
lateness of the season put a stop to this phase of the investigation. 
In no case have we found evidence to warrant us in deciding 
whether Bacillus rudensis first gained a foothold in a dairy or at 
the factory. In either case, under ordinary conditions, the fac- 
tory often offers a suitable seed bed and the germs thrive there 
abundantly. At the time of making the cheese a considerable 
number of these germs pass off with the whey. These are taken 
by the patrons with the whey to their farms and fed to the young 
animals, and in so doing the region around the barn becomes 
more or less seeded. The exact conditions which bring about 
a seeding of the milk of any dairy have not been worked out in 
detail. The facilities for washing the cans at the farms are not 
such as to insure the removal of all the germs which were in 
the whey, and a portion of the trouble may be accounted for in 


52 REeporRT OF THE BACTERIOLOGIST OF THE 


this way. However, the appearance of Bacillus rudensis in the 
milk at such irregular intervals and at times in such quantities 
has led us to look for seed beds at the dairy from which occ¢a- 
sionally the milk receives a heavy inoculation. 


CONCLUSIONS AND RECOMMENDATIONS. 


As the result of our experience during the past two seasons 
we feel assured that under all but very exceptional circumstances 
thorough steaming at the factory will control the rusty spots and 
keep them below the point where they will cause financial loss. 
_Just as is the case with the spraying of fruit or vegetables, the 
success attained will depend largely upon how thoroughly the 
directions are followed. 

In attempting to combat this trouble in any factory the first 
step is a thorough cleaning up of the factory and its surround- 
ings. A few loads of gravel will do away with the mud by the 
weigh can and the whey tank, and good drainage should be pro- 
vided for the factory waste. The walls and ceiling of the room 
in which the cheese is made should be cleaned and preferably 
whitewashed and the fioor scrubbed with hot lye. 

The weigh can and all the utensils which come in contact with 
the milk should be steamed thoroughly three times per week. 
This can be best accomplished by placing the utensils in a vat, 
drawing a heavy canvas cover tightly over the top and turning 
in the steam. In five minutes the heat should be up to 180° F. in 
all parts of the vat, and fifteen minutes more above this tem- 
perature will suffice. The weigh can is best treated by inverting 
and turning in the steam for twenty minutes through the faucet. 
The heating of the all metal cheese hoops can be carried out 
according to the same plan, but Frasier hoops present some 
difficulties. The accumulation of fat in the crevices makes a 
special place for heating desirable, and our experience in heating 
the wooden followers is not sufficient to justify us in recom- 
mending it as a regular procedure, although heating occasionally 
does not seem to be harmful. The cbservations given in con- 
nection with Factory Number Four indicate that heating these 
followers is desirable. 
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Considered both as a means of preventing the return of a con- 
siderable number of Bacillus rudensis to the farms and as a 
means of holding the whey sweet and in first-class condition for 
feeding, the heating of the whey to 160° F. is desirable. Unfor- 
tunately in our attempts thus far we have been compelled to stop 
the heating because of the leaking of the vat before we had a 
chance to make a fair test of its effect upon the spread of the 
trouble. 
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WARE OF ONTENTS. 


I. Two unusual troubles of apple foliage. 
II. Potato spraying experiments in 1902. 
III. Raspberry cane blight and raspberry yellows. 


IV. A destructive apple rot following scab. 
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SUMMARY. 


J. During the summer of 1902 apple leaves over the greater 
part of New York were much wrinkled and distorted. On the 
under surface they were covered with irregular blisters of various 
Sizes caused by the separation of the lower epidermis from the 
mesophyll. Some of the blisters burst. 

The trouble was due to heavy frosts which occurred while the 
leaves were partially unfolded. Ice crystals formed between the 
lower epidermis and the mesophyll and forced them apart. There- 
after the epiderfhis grew no more while the parenchyma continued 
to grow and arch itself into wrinkles. The damage done was 
unimportant. 


II. In western New York there was a wide spread spotting, 
yellowing and dropping of apple leaves in July. This was the 
result of spraying with bordeaux mixture and insecticides. Be- 
cause of the protracted cold, wet weather the foliage was un- 
usually tender and susceptible to spray injury. Although at 
first the injury was thought to be serious it was found later that 
the injury was overbalanced by the good done in the prevention 
of scab. The spraying of apples should not be abandoned. 

Observations made in this connection indicate that the disease 
called apple leaf spot may not be of fungous origin as heretofore 
believed. 


—— 


*A reprint of Bulletin No. 220. 
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I. FROST BLISTERS ON APPLE AND QUINCE LEAVES. 
DESCRIPTION OF THE TROUBLE. 


During the past season an unusual and interesting disorder of 
apple leaves occurred throughout the greater part of New York 
State. About June 1 the Experiment Station began to receive 
inquiries from orchardists concerning a wrinkling and distortion 
of apple leaves. In a general way the affected leaves resembled 
peach leaves affected with leaf curl; so much so, in fact, that 
several persons inquired if the two troubles were not identical. 

On the upper surface the leaves were variously wrinkled and 
puckered, but the under surface was fairly even and normal in 
appearance except for certain areas on which the color was gray 
ereen (Plates I and II). On some trees the leaves were badly 
distorted, with the margins drawn downward and together as if 
they were unable to unfold properly. Usually the wrinkles were 
most abundant along the mid-rib of the leaf and the elevated por- 
tions were of a somewhat lighter green than other parts of the 
leaf. By cutting across the leaf with scissors it was found that 
where the wrinkles occur the lower epidermis is separated from 
the green pulpy tissue (mesophyll), thus forming a large interior 
cavity or blister (Plate III, Fig. 1). The distance between the 
green tissue and the loosened epidermis was frequently as much 
as four millimeters (one-sixth of an inch), and the blisters thus 
formed were of all sizes up to those having an area of 100 square 
millimeters or even more. In many cases the separated epider- 
mis became ruptured as if slit with a knife, leaving the cells of 
the mesophyll exposed. Sometimes the tender cells thus exposed 
died, causing the formation of an irregular, dead, brown spot, 
visible on both surfaces of the leaf (Plate II, Fig. 4). However, 
in the majority of cases the exposed cells remained green 
throughout the season. 

This condition of apple foliage appears to have been general 
throughout New York State except in the Hudson Valley and 
on Long Island, where it was wholly absent. According to the 
reports of numerous correspondents in various parts of the 
State the varieties Rhode Island Greening, Baldwin and King 
were most affected. Observations made in the Station orchard 
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Prare II.—ApreLteE AND QuINCE LEAvyES AFFECTED wiITH FROST 
BLISTER. 


er 


LIBRARY 
OFTHE 
UNIVERSITY OF ILLINOIS 


4 
° 
% 
{ 
= § 
a 
4 fig? 
/ aa) S 
' v 
» “is a = 7 er + 
. . a 
tN ak a pOXT ET 
hie V6 _ a eZ we 








LEAVES. 


APPLE 


BLISTERS ON 


at 


% 


PLATE III.—Strrucrure or FrRos 


LIBRARY 
OFTHE 
UNIVERSITY OF ILLINOIS 





Report OF THE BOTANIST. 59 


EXPLANATION OF PLATES IT AND III. 
Puate I1.—Apple and quince leaves affected with frost blister. 
(Nat. Size.) 
lig. 1.—Apple leaf, upper surface. 
Vic. 2.—Apple leaf, lower surface, showing dead, brown 
spots where frost blisters have broken. 
Fig. 3.—Quince leaf, upper surface. 
Fie. 4.—Same quince leaf, lower surface. 
Prats IlI.—Structure of frost blisters on apple leaves. 
Fic. 1—Cross sections of blistered apple leaves. (Natural 
size. Diagrammatic. Original.) 
Fic. 2.—Cross_ section of blistered apple leaf. (After 
Sorauer. ) 
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June 12 show that, even under like conditions, some varieties 
were much more affected than others. Following is a list of the 


varieties examined, with notes on the degree of affection: 
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A tree of an unknown variety was so much affected as to strik- 
ingly resemble a peach tree attacked by leaf curl. One branch 
of this tree bore 458 leaves, of which 272, or 594 per ct., were 
more or less affected. The high percentage of affected leaves on 


Sent to the Station under the name Western Beauty, which it certainly is not, Possibly 
it is Hyde’s King of the West. 
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this tree was partly due to the fact that the tree was not making 
a vigorous growth of new shoots. It was an invariable rule that 
the leaves affected were those on the basal portion of the new 
shoots, while those on the middle and terminal portions were 
perfectly normal. In other words, the early formed leaves were 
affected and the later ones not. Consequently, the proportion 
of affected leaves became less as the season advanced and more 
new leaves were formed; and the more vigorous the growth the 
more rapidly the percentage became reduced. 

Most of the affected leaves remained on the trees to the end of 
the season and continued to perform their function of assimila- 
tion apparently in a normal manner, excepting, of course, those 
instances in which dead, brown spots appeared as a result of the 
exposure of the cells by the rupturing of the epidermis. On 
some varieties a majority of the blisters became broken, while on 
others most of the blisters continued unbroken to the close of 
the season. On some varieties the breaking of the blisters usu- 
ally resulted in the formation of dead, brown spots, while on 
others there were very few dead spots, although there were large 
numbers of broken blisters. Likewise individual trees of the 
same variety often manifested noticeable differences in both of 
the respects mentioned. 

Trees on which the dead, brown spots formed freely shed some 
of their leaves from this cause, but it is unlikely that any consid- 
erable damage resulted. While the wrinkling and distortion of 
the leaves disfigured them, little if any real damage was done. 

The dead, brown spots caused by the breaking of the blisters 
need not be confused with dead spots due to any other cause. 
While they are simply irregular, dead brown spots as viewed 
from the upper surface, their unusual nature is at once observed 
by an examination of the under surface. There, unmistakable 
evidence is seen of the rupturing of the epidermis, the shriveled 
remains of which are always plainly visible to the unaided eye. 
Dead spots caused by fungi or spray injury show no such evi- 
dence of the rupturing of the lower epidermis. 
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LATE FROST THE CAUSE. 


It soon became evident to the writers that the blisters were, 
in some way, the result of frost injury. They were plainly not 
the work of fungi or insects. The fact that the trouble was 
widespread suggested the idea that weather conditions were 
responsible for it; and since it was a very unusual phenomenon, 
not having been previously observed in America so far as we 
can learn, the cause should be sought in unusual weather con- 
ditions. The spring of 1902 in New York was unusually wet 
and cool, and there were severe late frosts on May 10 and 11. 

Wet weather might bring about cedema, and apple twigs are 
known to be subject to that trouble?; but that this was not a 
case of wdema is shown by the fact that the mesophyll cells, 
although much elongated as in cedema, were not in contact with 
the epidermis, and therefore could not have exerted any pres- 
sure upon it so as to cause either the wrinkles or the rupturing 
of the epidermis (Plate ITI). 

The theory that the trouble was due to the frosts in May is 
supported by the following facts: (1) Only the early leaves, at 
the base of the shoot, were affected. Leaves formed after the 
frosts were not affected in the least. The frosts occurred while 
the first leaves were partially unfolded, and just before the blos- 
soms opened. (2) It was most common in localities where the 
frosts were most severe, less common where the frosts were 
lighter, and wholly wanting in localities where there was no 
frost, as, for example, on Long Island. At Geneva the tempera- 
ture fell to 27 degrees Fahr. on May 10 and to 26 degrees on 
May 11. Over the greater part of the State temperatures as 
low or lower than these prevailed. The following table, com- 
piled from the May report of the New York section of the 
climate and crop service of the Weather Bureau, shows the 
minimum temperature at the various stations of the bureau 
in New York for May 10 and 11. In each of the two columns 
each temperature given is for a different station. 


2Atkinson, G. F. QC2dema of Apple Trees. Cornell Univ. Agr. Exp. Sta. Bul. 61 : 299-302 
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Taste I.—MINIMUM TEMPERATURE AT VARIOUS PLACES IN NEW 
York on May 10 anp 11, 1902. 
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In some localities there were also light frosts on May 12 


and $4. 
MANNER IN WHICH THE INJURY WAS BROUGHT ABOUT. 


While the writers were endeavoring to determine the various 
stages in the process by which the injury was brought about and 
formulating a theory to account for them, there came to hand 
the May number of the Zeitschrift fiir Pfhanzenkrankheiten con- 
taiminy Dr. Paul Sorauer’s article “ Frostblasen an Blattern ’” 
(Frost blisters on leaves). Evidently Sorauer observed iden- 
tically the same phenomenon on apple leaves in Germany in 
1901. 

According to Sorauer’s view, the separation of the epidermis 
from the mesophyll is the result, not only of the formation of 
ice crystals (which he admits is a plausible theory), but also of 
the different degrees of expansion of different tissues when sub- 


3Sorauer, Paul. Zeit Pfflanzankr. .123:44-47. Mit Tafel Il. May 12, 1902. 
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jected to a freezing temperature. The rupturing of_the epider- 
mis and the death of the cells in the brown spots he attributes 
to the direct action of the frost. 

Our theory, which differs somewhat from that of Sorauer, is 
as follows: The leaves were frozen when only partially un- 
folded. The formation of ice crystals between the lower epi- 
dermis and the mesophyll caused these tissues to separate, and 
upon thawing they failed to reunite. Being removed from its 
source of nourishment, the epidermis then ceased growing, 
while the parenchyma cells continued to expand, and not having 
opportunity to spread out laterally, took the form of an arch, 
thus bringing about the wrinkles. In some cases the tension 
produced by the expansion of the growing parenchyma became 
so great that the epidermis was ruptured, and the parenchyma 
cells, being then exposed to the air, died from excessive tran- 
spiration. It is probable, also, that the whipping of the leaves 
in the wind caused the breaking of some of the blisters. 

It was always the lower epidermis and never the upper one 
which was separated from the parenchyma. The explanation 
of this is probably to be found in the fact that the tissue in 
the lower half of the leaf is looser than that in the upper half, 
and consequently the lower epidermis is less firmly attached 
than is the upper one. 

In order to determine definitely whether the rupturing of the 
epidermis may occur as above stated there were selected for 
observation thirteen blistered leaves which showed no rupturing 
of the epidermis. These leaves were selected and marked on 
June 13th. By June 24th four of the leaves showed one rup- 
ture each and one leaf showed two large ruptures. After this 
there was no further change to the end of the season. Al- 
though but few of the blisters broke, enough of them did so to 
prove conclusively that a period of at least one month may 
elapse between the time of the freezing and the rupture of the 
loosened epidermis. It is altogether likely that the breaking 
of the blisters was more common earlier in the season while the 
leaves were expanding more rapidly. The leaves marked for 
observation were nearly full grown at the time they came under 


- observation. 
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Besides these direct observations there are several other good 
reasons for believing that the ruptures were not made at the 
time of freezing, as held by Sorauer. One of the best of such 
reasons is the fact that where the ruptures occur the paren- 
chyma is invariably strongly arched. Had the rupture occurred 
at the time of freezing, the growing parenchyma would have 
been free to spread out flat in a normal manner. 

It has already been stated that the breaking of the blisters 
and the consequent exposure of the parenchyma cells sometimes 
resulted in the death of the cells and the formation of dead, 
brown spots; while in other cases the parenchyma cells ap- 
peared to be entirely unharmed by their exposure. On June 
13th an unsuccessful attempt was made to produce the dead 
spots artificially by rupturing the epidermis over several blis- 
ters on four different leaves. In every instance the exposed 
cells continued green through the remainder of the season. 
This was a surprise. It seemed scarcely possible that the 
loose, thin-walled mesophyll cells could bear prolonged exposure 
to the air; but it is an indisputable fact that such was the case, 
and hundreds or even thousands of examples of it could be 
found on almost any affected tree. It should be considered, 
however, that the season was unusually wet and cool. 

It appears that the dead spots were formed early in the 
season. It may be that the cells when young were less able to 
bear exposure. We cannot agree with Sorauer that the cells 
were killed at the time of freezing. It is more likely that they 
died later from excessive transpiration after the epidermis had 
been ruptured. According to our observations the -lower epi- 
dermis on the dead spots was invariably ruptured. The large 
size of some of the dead spots indicates that they enlarged con- 
siderably after the freeze, and this could not have happened had 
the cells been killed in freezing. 


ON OTHER PLANTS. 

The same phenomenon was observed on quince leaves, but to 

a less extent. The wrinkling of the leaves on the upper sur- 
face, the separation of the lower epidermis from the mesophyll, | 
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the rupturing of the epidermis on some blisters while it re- 
mained intact on others, and the formation of irregular, dead. 
brown spots, were all practically the same as with apple leaves, 
the principal difference being that on the quince the majority of 
the blisters broke early in the season and formed dead spots. 
Later, portions of the dead tissue fell away, leaving ragged 
holes in the leaf which would have been difficult to account for 
by one unfamiliar with the circumstances. 

Because of the close relationship existing between the apple 
and the pear it was expected that the leaves of the latter fruit 
would be found to be affected in a similar manner. However, 
such was not the case. No well-marked example of the trouble 
could be found on pear leaves. Sometimes the under surface of 
the leaves showed small spots gray-green in color, such as char- 
acterized the blisters on apple, but there were no wrinkles, and 
so far as could be determined from free-hand sections the epi- 
dermis was not loosened. Neither were there any dead spots 
which could be attributed to frost. 

Foliage other than that of apple, quince and pear was not 
carefully examined. Horse-chestnut leaves were very ragged 
as a result of the frost, but the injury was quite different from 
that on apple and quince. Sorauer observed the frost blisters 
on cherry leaves. The writers have observed occasional cherry 
trees on which the foliage had evidently suffered somewhat 
from frost, but there was no pronounced wrinkling of the-leaves 
and no blisters were seen. 


II. SPOTTING AND DROPPING OF APPLE LEAVES 
CAUSED BY SPRAYING. 


Early in July of the past season apple growers in westeri 
New York became considerably alarmed at an extensive spot- 
ting, yellowing and premature dropping of apple leaves. The 
serious condition of affairs was first brought to the attention of 
the Experiment Station by Mr. W. P. Rogers, of Williamson. 
Subsequently, several letters of inquiry concerning the trouble 
were received from apple growers in the counties bordering oi 
Lake Ontario. The general tone of these letters is fairly repre- 
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sented by one from a fruit grower at Barker, in Niagara county. 
Under date of July 14, he writes: 


‘We are in bad shape up here. The apple leaves are all fall- 
ing off. The apple trees have the leaf spot very bad, and after 
the rains of last week the leaves began to turn yellow and drop. 
It looks like November here now. As a rule, the best-sprayed 
orchards are most affected. Baldwins are more affected than 
other kinds, but all are bad.” 

On July 10 and 11 one of the writers, in company with the 
Station Horticulturist, Mr. 8S. A. Beach, made a tour of inspec 
tion through Wayne, Monroe and Orleans counties. At a dis- 
tance the majority of the orchards appeared to have good 
foliage. However, there were some orchards which were evi- 
dently in bad condition. Even from the railway train it could 
be seen that a considerable portion of the foliage was yellow 
and the ground under the trees covered with leaves. Upon 
entering the orchards it was found that some which appeared 
well at a distance were in reality considerably affected with 
dead, brown spots on the leaves. Moreover, it was even- then 
plain that the apple harvest would find a large percentage of 
the fruit affected with scab. 

The conclusions reached in this investigation are set forth in 
the following press notice issued July 17th: 


“TH YELLOWING AND DROPPING OF APPLE LEAVES. 
F. C. Srewart AND 8S. A. Bracu. 


“In many apple orchards in Western New York the leaves 
began to fall by July 4. In some orchards a considerable part 
of the foliage has fallen, and in such cases the crop may be 
somewhat injured. The leaves first showed dead, brown spots 
of various shapes and sizes, then turned yellow and fell. In 
some cases the fruit, also, became russeted and sometimes even 
cracked. 

“After a careful examination of many orchards in Ontario, 
Wayne, Monroe and Orleans counties we have reached the con- 
clusion that the trouble is due primarily to weather conditions 
and is aggravated by spraying. The protracted cold, wet 
weather in June made the foliage tender and susceptible to in: 
jury from the spraying liquids. Some unsprayed orchards show 
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a little of the trouble, but sprayed orchards are almost invari- 
ably the most affected. However, some sprayed orchards are 
but slightly affected. In general, cultivated and well-cared-for 
orchards are less affected than uncultivated and neglected ones, 
but there are some exceptions to this rule. While spraying 
under the existing weather conditions is the princtpal cause, it 
appears that several other factors enter into the problem and 
modify the results. 

“Injury has resulted from paris green with bordeaux, ‘ green 
arsenoid’ with bordeaux, ‘ disparene,’ or arsenate of lead, with 
bordeaux, arsenite of lime with bordeaux and an arsenical in- 
secticide without bordeaux. It is clear, therefore, that each of 
the common insecticides has produced injury. Whether bor- 
deaux alone is capable of doing it has not been determined. 

“In the territory examined by us serious injury is not likely to 
result, except, perhaps, in a few of the worst affected orchards. 
In the majority of cases the slight injury done by spraying is 
likely to be overbalanced by the good done. Notwithstanding the 
loss of foliage in sprayed orchards it is likely that where thorough 
and seasonable spraying has been done the fruit will be superior 
to unsprayed fruit; whereas, in unsprayed orchards the damage 
to fruit and foliage from scab and codlin moth may be ex: 
pected to increase. It would be unwise to forget the great 
benefits of spraying in the past and to denounce or abandon it 
because of the unfavorable experience of this season. 

“This yellowing and spotting of the leaves considerably re- 
sembles a fungous disease common farther south and known as 
leaf spot; but in the present case no fungus or insect is to be 
found.” 

The trouble was at its height about the middle of July, and 
after July 20 it seemed to make little progress. In many orchards 
one-fourth to one-third of the leaves had fallen by July 20 and 
the leaves still remaining on the trees were badly spotted. 
Although unsprayed orchards were not entirely exempt from it, 
the sprayed orchards were almost invariably the most affected. 
All of the severe cases were those of sprayed orchards, and, as a 
rule, the more thorough the spraying the more severe the attack 
of leaf drop. Many of the worst affected orchards were those 
belonging to thoroughly up-to-date apple growers, who were, 
very naturally, much chagrined and perplexed. The evidence 
was overwhelming in favor of the theory that the spotting and 


dropping of the leaves was greatly increased by spraying. 
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Especial attention was given to a large Baldwin orchard near 
Williamson, in Wayne County. This orchard offered an excep- 
tional opportunity for studying the effects of spraying because 
a portion of it had been sprayed and the remainder left unsprayed. 
The trees wefe about thirty years old, standing in timothy sod, 
and during late years have been somewhat neglected. <A portion 
of the orchard was sprayed once, about ten days after blooming, 
with bordeaux mixture and paris green. The owner is unable 
te furnish exact information as to the composition of the spray 
mixture, but is of the opinion that the bordeaux contained about 
15 pounds of copper sulphate to each 160 gallons, and that the 
amount of paris green used was 114 pounds to 160 gallons on 
some of the trees and 114, pounds to 160 gallons on other trees. 
The quantity of lime necessary for the bordeaux was determined 
by the yellow prussiate of potash test. 

At the time of our first visit to this orchard, July 10, many 
spotted yellow leaves were falling from the sprayed trees, while 
the unsprayed portion of the orchard was almost entirely free 
_ from such trouble. The contrast in appearance between the 
sprayed and unsprayed trees in adjoining rows was marked. The 
dead, brown spots were of various sizes and shapes; many were 
roundish or circular, with a diameter of two to three millimeters, 
while others were irregular in outline and larger. In all cases 
the line of demarcation between the living and dead tissue was 
sharp and the spots conspicuous. Except for the absence of 
pycnidia, the majority of the spots so closely resembled those of 
the apple leaf spot disease attributed to Phyllosticta spp. as to be 
inseparable from them. Everywhere the dead spots were of this 
same general character and, at this time, entirely free from Phyl- 
losticta pyenidia. 

The orchard was visited again on August 28. At this time 
there were no yellow leaves to be seen: they had fallen and disap- 
peared. Nevertheless the contrast between the sprayed and un- 
‘sprayed portions of the orchard was still striking. On the 
sprayed trees the leaves were badly spotted with the dead, brown 
spots; while on the unsprayed.trees such spots were rare. Some- 
times it required considerable searching to find even a single 
spot. One standing under a sprayed tree and looking through 
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the foliage toward the light could see that almost every leaf bore 
one or more spots. In some cases the spots were so numerous 
as to give the tree a scorched appearance. On the unsprayed 
trees it was difficult to find leaves which were affected, while on 
the sprayed trees it was difficult to find leaves which were not 
affected ; and it was impossible to draw any other conclusion than 
that the spraying was responsible for the spots. 

This discovery, although not an entirely new one, is neverthe- 
less, important, considering that the injury was so widely spread 
and that spraying is almost a necessity to control apple scab and 
codlin moth; and an additional importance attaches to it because 
of the light it sheds on the nature of the disease known as apple 
leaf spot. 

It was now observed that the majority of the spots were in- 
habited by a species of Phyllosticta’, the characters of which 
agree rather closely with those given for P. pirina except for the 
eolor of the spores. The spores of P. pirina are described as 
hyaline, whereas in the fungus under consideration the spores 
appear light brown when seen in mass. Specimens of the affected 
apple leaves were sent to State Botanist Charles H. Peck, who 
writes as follows concerning them: 

PALBANY Ny Now (h Day QO, 
“Dear Mr. STEWART: 

“Your letter of D. 1 and inclosed apple leaves reached me in 
due time. I have no difficulty in finding an abundance of fertile 
perithecia in these specimens. The species is certainly not Phyl- 
losticta limitata, and I doubt if it is P. pirina, though it comes 
near it. The spores of that are said to be hyaline, but in these 
specimens they are too decidedly colored to be properly described 
as hyaline. According to my measurement they are also broader 
than given for P. pirina spores, but just right for length. I 
Should say they are 4-5 » long, 2.5-3.5 broad. The peculiar 
saprophytic habit may have had an influence in modifying the 
character of a species that would on a normal habitat have been 
a good Phyllosticta. It makes an approach to Spheropsis in its 





4TIntermingled with the Phillosticta pyenidia were smaller bodies of various sizes resembling 
pycnidia to the unaided eye, but which, under the microscope, proved to be merely knots 
of short brown hyphe with nothing to prove their identity. They may have been immature 
Phyllosticta pycnidia. Tufts of Macrosporium sp., also, were occasionally found on the spots. 
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colored spores, but in size of perithecia and spores it is more like 
Phyllosticta. My opinion is that it is an anomalous Phyllosticta, 
just hovering between that genus and Spheropsis. If I was deal- 
ing with it I should at least make it a variety of P. pirina, but 
probably it would be better to make it a distinct species. 
“ Very truly yours, 
“ CH as sHoePmorss 


Surely the fungus is not far removed from P. pirina. With the 
casual observer it would generally pass for that species. 

Since this Phyllosticta is certainly a saprophyte, why may not 
the closely related P. pirina and P. limitata also be saprophytes? 
Their parasitism has never been proven by inoculation experi- 
ments, and, in certain respects, their behavior is such as to lead 
to the suspicion that they are not parasites. For example, a 
fungous leaf disease of this sort is, theoretically, preventable by 
spraying with fungicides; but observations along this line in- 
dicate that such is not the case either with P. pirina or P. 
limitata. 

Lamson®, speaking of Phyllosticta pirina, says: “As in previous 
years the bordeaux mixture has seemed to have but little effect on 
this disease.” One of the writers® has reported an instance in 
which an apple tree sprayed three times with bordeaux suffered 
severely from leaf spot disease (Phyllosticta limitata). On Long 
Island, where the leaf spot disease is abundant nearly every 
season, it is the common experience of orchardists that spraying 
does not prevent leaf spot. 

Another fact suggesting the non-parasitism of Phyllosticte 
limitata is the tardy appearance of pycnidia. Although the spots 
may appear as soon as the leaves are expanded, they are usually 
destitute of pycnidia until July or later. In fact, a large per- 
centage of the spots never show pycnidia. 

On the same date that the Phyllosticta pycnidia were discov- 
ered on the spots caused by spraying there were collected from 
an unsprayed orchard at Williamson some Baldwin apple leaves 
bearing the same kind of roundish, dead, brown spots (Plate IV, 
Fig. 3). These spots were sparingly inhabited by the same © 


5T..amson, H 


.H. N.H. Agr. Exp. Sta. Bul. 48:146. 
6Stewart, F.C. N.Y. 


Agr. Exp. Sta. Rep. 15:455. 1896. 
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saprophytic Phyllosticta as that found on the spray-injury spots 
and by no other fungus which could have caused the spots’. 
What was the real cause of the spots we are not prepared to say, 
but it is very improbable that they were due to any fungus. And 
yet they were typical examples of the apple leaf spot, except for 
the absence of the species of Phyllosticta, to which the disease is 
commonly ascribed. 

If we proceed on the assumption that the apple Phyllostictas 
are not parasites, we must account for the origin of the spots in 
those cases in which they occur on unsprayed trees, as they un- 
questionably often do occur. This is one of the problems yet to 
be solved. <A possible explanation which suggests itself is that 
when a shower is followed by bright sunshine drops of water on 
the leaves act as lenses and concentrate the sun’s rays to such an 
extent as to overheat the tissues underneath. At any rate, it is 
entirely possible that the spots are in some way the result of at- 
mospheric influences. Duggar® has cited an instance in which 
sunshine following rain caused the shot-hole effect in peach leaves. 

So far as known to the writers, the parasitism of the apple 
Phyllostictas has not been previously questioned. In the past 
the presence of Phyllosticta-pycnidia on circular, dead brown 
Spots on apple leaves has been considered conclusive evidence 
that the spots were caused by the Phyllosticta, and the disease has 
been promptly diagnosed as leaf spot. In the future the problem 
of determining the cause of such spots on apple leaves will be a 
more difficult one. It is our opinion that at least a large part of 
the so-called apple leaf spot is due to spray injury and weather 
conditions and is not of fungous origin. 

Returning, now, to the situation in western New York, it may 
be said that the prediction that the sprayed orchards would have 
the advantage at the close of the season, in spite of the injury 
done to the foliage, became a fact. When it came time to gather 
and market the fruit it was found that there was an unusually 
large amount of scab. In many unsprayed orchards the 
entire crop was so scabby as to be almost worthless. Even 

cece tn pee niimeret eainll, Keown IeGkAat kaste ike those associated 


with the spray-injury spots. See foot-note on page 71. 
8Duggar, B. M. Proc. of the Soc. for the Promotion of Agr. Sci. 19:69. 1898. 
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EXPLANATION OF PLATES IV AND V. 


Prare IV.—Dead, brown spots on Baldwin apple leaves. (Nat. 


size. ) 


Figs. 1 AND 2.—From the Williamson orchard mentioned on 


F 1G. 


PLATE 


page 70. Spots caused by spraying: bearing Phylosticta 
pycnidia, 

3.—lrom an unsprayed orchard at Williamson. Cause 
of spots unknown. Spots, in all respects, apparently 
identical with those caused by spraying. They bear 
pycnidia of the same Phylosticta. 





V.—Greening apples russeted and cracked by spraying. 
(Photographed natural size, July 12, 1902.) On one 
side of each apple the skin was rough and russet brown 
in color and there was a deep wide crack in the flesh; 
but there was no evidence of the presence of any fungus, 
which goes to show that the trobule was not due to scab, 
which is the usual cause of the cracking of apples. When 
scab is present it shows itself in the form of spots 
covered with a greenish black mold. 





.—Drap, Brown Spots on APPLE LEAVES. 
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PLATE V.—GREENING APPLES RUSSETED AND CRACKED BY SPRAYING. 
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in sprayed orchards there was considerable scab. Scabby fruit 
is always less salable than clean fruit, and during October there 
developed a destructive and unusual kind of rot? which brought 
scabby fruit into such ill repute that many buyers refused to 
handle it at any price. Many owners of unsprayed orchards 
found themselves possessed of large quantities of scabby fruit for 
which there was no sale. In most well-sprayed orchards, on the 
contrary, there was a fair amount of clean salable fruit; and so, 
notwithstanding the injury to the foliage, it is probable that 
Spraying proved profitable in the majority of cases, although a 
few orchards were so severely injured by spraying that the crop 
was ruined. 

At the close of the’ season, and with the data all before us, we 
are still of the opinion that it would be unwise to abandon the 
spraying of‘apples because of the unfavorable experience of the 
past season. There is no doubt that the foliage will sometimes 
be injured even when the spray mixtures are properly prepared 
and applied, but it is rare that the injury will be as severe as it 
was in 1902. So far as we can learn, there is no previous record 
of such widespread and serious damage from spraying. On the 
other hand, the ravages of scab and codlin moth are considerable 
nearly every season and often practically ruin the crop. The only 
successful method of fighting these pests is by spraying, which 
must be practiced if fine fruit is to be expected. 

*This rot was caused by the fungus Cephalothecium roseum and attacked only scabby apples. 
It will be fully discussed in a bulletin of this Station to be issued soon. A brief preliminary 
account of it appeared in Science 16:747. 7 N. 1902. The day on which this Bulletin went 
to press, December 16, Cornell Experiment Station Bulletin No. 207 was received. It is 
entitled, ‘‘Pink Rot: An Attendant of Apple Scab,’’ and consists chiefly of a discussion of 
the rot above mentioned. However, a part of page 168 treats of the injury to apple foliage 
by spraying. The authors state that wherever lime was added to the bordeaux mixture in 


excess of the required amount the injury was correspondingly lessened. Accordingly, they 
recommend that, ‘‘in rainy seasons at least twice the regular amount of lime should be used 


in making a bordeaux mixture.” 
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POTATO SPRAYING EXPERIMENTS 
IN 1902.* 





F. C. Stewart, H. J. Eusrace anp F. A. SIRRINE. 


SUMMARY. 


The Station has undertaken to determine how much the yield 
of potatoes may be increased, on the average, by spraying the 
plants with bordeaux mixture for ten consecutive seasons; also, 
which is more profitable, to spray every two weeks throughout 
the growing season, or to make but three applications. The ex- 
periments are to be carried on in two localities; viz., on the 
Station farm at Geneva and on Long Island. At each place the 
area of the experiment field is to be three-tenths of an acre each 
Season. Each year, or as often as advisable, there will be pub- 
lished a bulletin giving the results up to date; also other infor- 
mation on the spraying of potatoes. 

The present bulletin gives the results of the first year’s work. 
At Geneva, the rows sprayed three times yielded at the rate of 
317$ bushels per acre; those sprayed seven times 3424 and 
those not sprayed, 219. Thus, three sprayings increased the 
yield 984 bushels per acre and seven sprayings, 1234 bushels. 
The increased yield on sprayed rows was due, chiefly, to the 
prevention of late blight. 

On Long Island the rows sprayed three times yielded at the 
rate of 2954 bushels per acre: those sprayed seven times, 3124 
and those not sprayed, 267%. ‘The increased yield due to three 
sprayings was 27% bushels per acre, while that due to seven 
sprayings amounted to 45 bushels yer acre. There being no 
damage from blight or “ bugs,” the increased yield on the sprayed 
rows in*the Long Island experiment must have been largely due 
to better protection against flea-beetles. 


*A reprint of Bulletin No. 221. 
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INTRODUCTION. 

For more than fifteen years it has been known that potato 
blight may be prevented by spraying the plants with bordeaux 
mixture. Potato spraying experiments have been made by the 
United States Department of Agriculture, by many of the ex- 
periment stations and in Europe. With but few exceptions 
these experiments have shown that the yield of potatoes may 
be considerably increased by spraying, and it is the concensus 
of opinion among experts, that, under most conditions, the 
Spraying of potatoes is a profitable operation. The results of 
these experiments and the conclusions deduced from them have 
been widely published in various publications of the United 
States Department of Agriculture, in experiment station bulle- 
tins, in the agricultural papers and through the medium of 
farmers’ institutes. 

Nevertheless, there is probably no place in the United States 
where the spraying of potatoes is generally practised by farmers 
— certainly none in New York State. In New York very few 
farmers spray their potatoes regularly. In seasons when the 
blight is epidemic, as it has been during the past season, many 
attempt to protect their potatoes by spraying, but in most cases 
only partial success is attained because the spraying is com- 
menced too late and not done thoroughly. Evidently, farmers 
in this State are not yet convinced that it pays to spray pota- 
toes regularly. As nearly as we are able to determine, the 
causes of this unbelief in the profitableness of potato spraying 
are as follows: 

(1) Blight is not destructive every season. While occasion- 
ally it nearly ruins the crop, there are other seasons when it 
does but little damage, and still others when there seems to be 
no damage whatever. Consequently, farmers look upon spray- 
ing as a matter of insurance. While they readily admit that 
there is profit in spraying in seasons when potatoes blight badly, 
they do not believe that it pays on the average. | 


(2) In many cases the spraying is not done thoroughly, and 
consequently the results are unsatisfactory. 
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(3) Few farmers who spray potatoes know accurately how 
much they have increased the yield by spraying. Usually no 
portion of the field is left unsprayed; hence there is no basis for 
comparison except the unsprayed fields of neighbors. Even 
where a few rows are left unsprayed for comparison the differ- 
ence in yield is usually guessed at and rarely determined ac- 
curately by weight or measurement. 


(4) Often there is a lack of confidence in the results obtained 
at experiment stations. Many persons believe that in exper'- 
ments made at the stations the potatoes have been given an 
extra chance, and that it is impossible to duplicate the results 
in ordinary farm practice. 


DETAILS OF THE EXPERIMENTS. 
OBJECTS. 

The chief object of the experiments herein reported was to 
ascertain how much the vield may be increased, on the average, 
by spraying potatoes in New York State. With this point 
definitely determined, it will be considerably easier to give a 
correct answer to the question, Does it pay to spray potatoes 
reguarly? Since the profit to be derived from spraying de- 
pends upon the relation existing between the expense of the 
treatment and the value of the increase in yield due to the 
treatment, the ideal experiment would be one which takes both 
of these factors into account; but in order that the test might 
be a fair one, so far as the expense is concerned, it would be 
necessary to have several acres included in the experiment. 
This would have made more work than it was deemed advisable 
to undertake, and so it was decided to attempt only the solu- 
tion of the simpler but more important part of the problem; 
namely, the average increase in yield. We consider the ques- 
tion of increase in yield more important for the reason that it 
varies greatly from year to year, whereas the expense of spray- 
ing varies but little in different seasons. 

It is possible that next season the Station will undertake 
some supplementary experiments especially designed to deter- 
mine the expense of spraying. 
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A second object of the experiments was to determine which is 
the more profitable: To spray every two weeks throughout the 
season, as is usually recommended; or to make only three spray- 
ings during the season. 


DURATION. 


Of course it is necessary to continue the experiments several 
years before a reliable average can be obtained. The chief 
cause of variation in the results is the variation in weather 
conditions, and since the average weather conditions for any 
period of ten years approximate very closely the average for 
any other period of ten years, it would seem that the proper 
length of time to continue the experiments is ten years. Ac- 
cordingly, the Station expects to spray potatoes every year for 
ten consecutive years, and the plan of the experiments each 
year will be the same as in this first year’s work. Each year 
the increase in yield per acre due to spraying will be accurately 
determined, and at the end of the ten years the results will be 
averaged. 

However, it is not the intention to withhold the publication 
of the results until the experiment is finished. Each year, or as 
often as seems advisable, there will be published a _ builetin 
giving a detailed account of the results of unpublished experi- 
ments and a summary of the results of the preceding years, in 
order that the public may be kept informed as to the progress 
of the experiments. These bulletins will also contain other 
matter pertaining to potato spraying and potato blight. There- 
fore, this bulletin is the first of a series on the subject of 
potato spraying. 


LOCATION OF ENPERIMENT FIELDS. 


In some localities potatoes blight more frequently and more 
severely than in others, and, consequently, spraying produces a 
larger increase in yield in some localities than in others. On 
this account it was thought best to conduct the experiments in 
at least two localities. One of the places selected was on the 
Experiment Station farm at Geneva, and the other on the farm 
of Mr. F, A. Sirrine, three miles north of Riverhead, on Long 
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Island. Throughout the entire period of ten years during which 
the experiments run the experiment fields will be confined to 
these same two farms, but, of course, not on the same plats. 


ARRANGEMENT AND AREA OF PLATS. 


In order to eliminate as far as possible the influence of in- 
equalities in the soil, etc., the plats were arranged in the manner 
shown in the accompanying diagram: 


DIAGRAM SHOWING ARRANGEMENT OF PLATS IN THE EXPERIMENT 
AT GENEVA. 
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Rows O. A and O. B were really not in the experiment. They 
were planted in order to avoid having any outside rows in the 
experiment. Otherwise the rows 1 and 15 would not have had 
an equal chance with the other rows. 

Series I consisted of rows 1, 4, 7, 10 and 13, which were 
sprayed three times. 

Series II consisted of rows 2, 5, 8, 11 and 14, which were 
sprayed seven times. 

Series III consisted of rows 3, 6, 9, 12 and 15, which were not 
sprayed. 

The area of the experiment field at Geneva was exactly three- 
tenths of an acre, and of the one at Riverhead the same. 

6 
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At Geneva the rows were 290.4 feet long and 3 feet apart. 
Hence each row contained exactly one-fiftieth of an acre and 
each series one-tenth of an acre. 

At Riverhead the rows of the different series alternated with 
each other, as at Geneva; but in this case there were 12 rows 
363 feet long and 3 feet apart. Each row contained one-fortieth 
acre and each series, consisting of four separate rows, one- 
tenth acre. | 


FITTING, PLANTING, CULTIVATION, ETC.1 

At Geneva.— In the season of 1901 part of the field grew corn 
and part cow peas. In the spring of 1902 the land was plowed 
and sown with oats before it was decided to use it for the potato 
experiment. On May 16, furrows were opened with a plow and 
commercial fertilizer? applied in the furrows at the rate of 1,000 
pounds per acre. The fertilizer was worked in with a hoe. 

The seed was of the variety Rural New Yorker No. 2, which 
is one of the most popular varieties in central New York. The 
seed pieces used were whole tubers of the size of a hen’s egg. 
A short time before planting they were given the formalin 
treatment? for scab. They were planted on May 16 and 17, 15 
inches apart im the row, the rows 3 feet apart, and covered with 
a hoe. The cultivation was all done with a horse cultivator, 
which was used five times. In the last cultivation the dirt was 
thrown toward the plants so as to hill them slightly. There 
was no hand cultivation except the pulling of a few large weeds 
late in the season. 

The soil was a black, clay loam with a clay subsoil. The field 
sloped gently toward the east, giving good drainage. 


At Riverhead.— The previous crop for two years had been 
timothy and weeds. The land was plowed six to eight inches 


These cultural details, although somewhat irrelevant, are given here for the reason that 
many persons desire to know how yields of 325 and 350 bushels per acre were obtained in 
the experiment at Geneva while potato yields in the surrounding country ranged from 25 to 
100 bushels per acre. 

2 The fertilizer used was from a lot which was in one of the Station barns when they were 
destroyed by fire on May 7. Before the fire the fertilizer analyzed as follows: Potash, 4.59 
per ct.; nitrogen, .83; available phosphoric acid, 14.11. Its market value was about $26 
per ton. 

3Tubers soaked two hours in a solution containing one pint of formalin in 30 gallons of 
water. 
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deep on April 18 and then harrowed three times. After treat- 
ment with corrosive sublimate for scab, planting was done by 
hand on April 23 with whole tubers of the size of a hen’s egg, 
placed 15 inches apart in the row and the rows 8 feet apart. 
The variety of potato was Carman No. 1, which is very popular 
on eastern Long Island. Home-mixed fertilizer, having the 
formula 4-10-4 and costing $27.20 per ton, was used at the rate 
of 1,100 pounds per acre. The trenches for planting were made 
by going twice over each row with a fertilizer drill, and the 
tubers were covered with the discs of an Aspinwall potato 
planter. <A cultivator was used once and a weeder once before 
the plants came up. After the plants were up the weeder was 
used twice and the cultivator six times. At the last cultivation 
the plants were slightly hilled. A few weeds were pulled and 
a few cut out witha hoe. The soil was well-drained sandy loam 
containing some gravel, and the field sloped moderately toward 
the southeast. 


PREPARATION AND APPLICATION OF THE BORDEAUX MIXTURE. 


The methods of preparing and applying the bordeaux mixture 
were practically the same at Geneva and at Riverhead. The 
bordeaux was made according to the 1-to-8 formula; that is, one 
pound of copper sulphate was used in each eight gallons of bor- 
deaux, or six pounds to the barrel. This is the formula usually 
recommended for spraying potatoes. The amount of lime re- 
quired was determined by the yellow-prussiate-of-potash test. 

The bordeaux was applied by means of a knapsack sprayer, 
except in the first spraying (June 25) at Geneva, in which case it 
was applied with a barrel pump, such as is used for spraying 
trees. 

The spraying was done with great thoroughness, particularly 
at Geneva. No attempt was made to spray the under surface of 
the leaves, but practically every leaf was well coated above. 
When the plants became full grown the foliage of adjacent rows 
intermingled, and thus it was impossible to thoroughly spray 
the rows of series I and II without getting some of the mixture 
on the adjacent unsprayed rows of series III. However, this 
was avoided as much as possible. 
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DATES OF SPRAYING. 

At Geneva: Series I.— This series, consisting of rows 1, 4, 7, 10 
and 13, was sprayed three times with bordeaux mixture — July 
10, 23 and August 12. The applications were made at such 
times as they were most needed. It was impossible to delay 
the first application longer than July 10, because at that time 
large numbers of “ bugs 4 had commenced to feed, and unless 
these had been killed at once they would have done great 
damage. To kill the “ bugs,” paris green was added to the bor- 
deaux mixture at the rate of 10 ounces to 50 gallons. The treat- 
ment was entirely successful. Five days later there was 
scarcely a living “ bug” to be seen. 

It was thought advisable to make the second spraying on July 
23, because during the preceding week there had been frequent 
showers and the weather seemed favorable to blight. In fact, 
the occurrence of late blight (Phytophthora) had already been re- 
ported from Delhi (July 15) and Ilion (July 21). In this second 
spraying bordeaux alone was used. 

Late blight made its first appearance in the experiment field 
on July 28 At this time the disease was already epidemic 
among early potatoes at Geneva, Seneca Falls and other places 
in central New York; but it was not yet common among late 
potatoes, and in the experiment field it made slow progress 
even on the unsprayed rows. 

The third and last spraying was made August 12 with bor- 
deaux alone. 


Series II.— This series consisted of rows 2, 5, 8, 11 and 14. It 
was the intention to spray it according to the directions usually 
given for spraying potatoes; namely, “Commence spraying when 
the plants are six to eight inches high and repeat the treat- 
ment at intervals of 10 to 14 days as long as the plants remain 
green.” 

In all, seven sprayings were made, as follows: June 25, July 
10, 23 and 30, August 12 and 26, and September 10. Paris green 

4The word ‘“‘bugs’”’ as used throughout this bulletin refers to the striped Colorado potato 
beetles, Doryphora decemlineata. Properly speaking these insects are beetles, not bugs, 


but to farmers they are known as ‘“‘bugs.”” Moreover, ‘‘bugs” is a shorter name and for that 
reason it will be used in this bulletin. 
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was used in only one spraying, that of July 10, in which case it 
was used at the rate of 10 ounces to 50 gallons, as on series I, 
and with equally good results. On account of the weather con- 
ditions being exceptionally favorable to late blight during the 
week following July 23 it was considered advisable to spray on 
July 30, although only a week had elapsed since the last spray- 
ing. However, subsequent events showed that this was un- 
necessary. It might just as well have been postponed until 
August 6, which would have made the interval between spray- 
ings two weeks, as originally planned. Had this been done, the 
next two sprayings would each have occurred one week later, 
and the seventh spraying might then have been omitted. 


Series III.— Series III consisted of rows 8, 6, 9, 12 and 15. 
They were not sprayed at all with bordeaux, but were treated 
twice (July 10 and July 30) with paris green in lime water to kill 
the “bugs.” The paris green was used at the same rate as on 
series I and II; that is, at the rate of 10 ounces to 50 gallons of 
water. Although the “bugs” were practically all killed by the 
application made July 10, the same as on series I and II, sprayed 
with bordeaux, it was necessary to make a second application to 
series III on July 30; whereas, series I and II required but the 
single treatment for “bugs.” However, the “bugs” were so 
completely controlled by the two treatments that they did not 
harm the plants. 


At Riverhead: Series I.— This series consisted of four rows — 
Nos. 2, 5, 8 and 11, which were sprayed with bordeaux mixture 
three times; namely, on May 26, June 20 and July 22. No poison 
was used except in the second spraying, when “ green arsenoid ” 
was added to the bordeaux at the rate of 5 ounces to 50 gallons. 


Series [I.— This series consisted of four rows — Nos. 1, 4, 7 and 
10. They were sprayed with bordeaux mixture seven times; 
namely, on May 26, June 3, 20 and 30, July 11 and 28, and 
August 5. “Green arsenoid” was added to the bordeaux on 
June 20 (5 ounces to 50 gallons), on June 30 (6 ounces to 50 
gallons), on July 8 (8 ounces to 50 gallons), and on July 238 
(5 ounces to 50 gallons). There was no necessity for using 
poison on this series to kill “ bugs,” because there were none 
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worth mentioning; but flea-beetles were plentiful and poison 
was used frequently in an attempt to kill them. Their ravages 
were certainly lessened and some dead flea beetles were actually 
found. 


Series III.— Series II] also consisted of four rows — Nos. 3, 6, 
9 and 12. This series was not sprayed at all with bordeaux mix- 
ture and only once (July 11) with poison, consisting of 8 
ounces of “ green arsenoid ” in 50 gallons of dilute lime water. 
There were so few “ bugs” that the average farmer would have 
considered it unnecessary to apply poison. 


THE RESULTS OF THE EXPERIMENTS. 
AS INDICATED BY THE CONDITION OF THE FOLIAGE. 


At Geneva.— Potato “ bugs ” did no appreciable damage to any 
of the plats. Twice they appeared in large numbers, but were 
promptly killed before they did any damage, and thus their ray- 
ages were practically eliminated from the experiment. 

A few “ bugs ” were observed at the time of the first spraying 
of series II (June 25), but it was not thought necessary to poison 
them. They first appeared in destructive numbers about July 9. 
On that date it was found that many colonies had hatched and 
were just commencing to feed. On this account the entire field 
was treated on July 10. On series I and II the paris green was 
added to the bordeaux, and on series III it was used alone in 
lime water. The “bugs” were nearly all killed. On July 15 the 
only living “ bugs ” which could be found were a few full-grown 
beetles. The old ones appear to be more difficult to poison. 

As late as July 23 only an occasional “bug” could be found, 
but on July 25 a new brood began to hatch, and it was observed 
that they were nearly all on the rows of series III, which had 
not been sprayed with bordeaux. In view of the fact that the © 
paris green applied on July 10 had killed the “bugs” about 
equally well on all three plats, it is worthy of note that the new 
brood appeared almost entirely on series III. It appears that 
the old beetles shunned the plants covered with bordeaux and 
laid their eggs only on the unsprayed rows. 
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On July 30 the “bugs” were so numerous on the unsprayed 
rows that they would soon have done much damage unless 
killed, and hence it was necessary to treat series III a second 
time with paris green in lime water. As there were no “bugs ” 
on the other two series, no paris green was used on them, but 
series II] was sprayed for blight with bordeaux alone. The 
treatment for “bugs” on series III was effective. They were 
nearly all dead the following day and there was no further 
trouble from “bugs” during the remainder of the season. 

The punctures of flea beetles® were fairly abundant as early as 
July 10, but little damage was done by these insects until 
toward the close of August, at which time they attacked the un- 
Sprayed rows and hastened, somewhat, the death of the plants. 
The sprayed rows were practically free from flea-beetle injury. 

The plants suffered neither from drought nor from wet weather, 
and there was no early blight, Alternaria solani. Late blight, 
Phytophthora infestans, first appeared on the unsprayed rows 
July 28, but made slow progress. On August 25 the unsprayed 
rows began to look a little brown, as viewed by one standing at 
the end of the field. Upon entering the field and making a 
closer examination it was found that the unsprayed plants had a 
trimmed-up appearance, due to the death of many of the lower 
leaves. There were also some yellow leaves. At the same time 
the foliage on the sprayed rows was practically perfect, there 
being only occasionally a blighted leaf. The lower leaves, clear 
to the ground, were alive and perfect and none yellow. The 
color of the sprayed plants was a darker green than that of the 
unsprayed plants. There was, apparently, no difference between 
the plants sprayed three times and those sprayed every two 
weeks. 

During the last week in August the unsprayed plants deteri- 
orated rapidly and the contrast in appearance between the 
sprayed and unsprayed rows became marked. This was due to 
the combined attacks of late blight and flea-beetles. However, 
as late as August 28, one month after the first appearance of 
blight, scarcely any of the plants had died, although they com- 
menced to die very soon after that date. 


5Crepidodera cucumeris. 
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On September 4 the contrast between the sprayed and un- 
sprayed rows was very marked. Many unsprayed plants were 
entirely dead, while on many more one-third to one-half of the 
foliage was dead, and all of the plants had lost their lower 
leaves. or the first time there now appeared to be a slight 
difference between the rows of series I (Sprayed three times) and 
those of series II (sprayed every two weeks). The latter were 
still almost perfect in foliage, while the former showed a con- 
siderable number of blighted leaves and also some yellow leaves. 

On September 10 practically all of the unsprayed plants were 

cead. A few plants still had a few green leaves at their 
tips. Both sprayed series now showed many leaves browned at 
the tips, and there was somewhat more of this on series II than 
‘on series I. Miscroscopic examination showed that this tip 
browning was chiefly due to some other cause than Phytoph- 
thora. In the majority of cases no Phytophthora could be found. 
Only a few dead stalks were found on the sprayed rows. 
_ An interesting observation made at this time was that stalks 
from the sprayed rows lopping over to the ground in the direc- 
tion of the adjacent unsprayed row were usually dead; whereas 
stalks from the same rows lopping on the ground in the opposite 
direction, toward a sprayed row, were still green. 

By September 16 the plants on series I and IT had. commenced 
to die. Many stalks were brown and on almost every hill there 
were indications that growth was nearly ended. 

By September 22 the unsprayed plants were all dead and their 
stems mostly dry. On the sprayed rows about 25 per ct. of the 
plants still had sufficient foliage to enable them to make some 
growth, but this date is to be considered as practically the close 
of the growing period of series I and II. The difference be- 
tween the two series was so slight.as to seem unimportant. 

On all of the unsprayed rows, and on the sprayed rows as well, 
the plants died very irregularly, some earlier and some later, 
making it difficult to determine the exact time at which the plat 
as a whole was to be considered dead. Hence it was difficult to 
determine exactly how much the sprayed plants outlived the un- 
sprayed plants. However, it may be said that the sprayed plants 
were in somewhat better condition on September 22 than the 


= 
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unsprayed plants were on September 10, making the period of 
growth for the sprayed plants at least twelve, and probably four- 
teen, days longer than that of the unsprayed plants. It should 
also be noted that the sprayed plants were in almost full foliage 
until within a short time of their death, and were thus able to 
assimilate at their full capacity throughout the greater part of 
their life. The unsprayed plants, on the contrary, lost many of 
their leaves early in the season and their power of assimilation 
was greatly decreased. 

At Riverhead.— In the experiment at Riverhead, “ bugs” gave 
practically no trouble. There were only traces of early blight 
and no late blight. Nevertheless, the sprayed plants lived sev- 
eral days longer than the unsprayed plants. This is owing to 
the fact that flea beetles were rather plentiful at times and in- 
jured the unsprayed plants most. 

On August 11 the contrast in color between the sprayed and 
unsprayed rows was so marked that it could be plainly seen at 
a distance of one-half mile. At this date, there was still a little 
green foliage on series .I, sprayed three times, and on some of 
the plants the tubers were probably growing a little. Only a 
few stalks were dead and dry. 

On series II, sprayed seven times, about one-third of the 
foliage was yet alive and the tubers must have been growing 
considerably. The lower leaves were mostly dead, but plants en- 
tirely dead were rare. While the plants on this series were con- 
siderably injured by flea-beetles, they were not nearly as bad as 
the plants on series I, sprayed three times, or on series III, un- 
sprayed. A considerable portion of the increased yield on series 
II is attributable to better protection against flea-beetles. At 
the same time, the plants on series III, unsprayed, were all 
dead and about forty per ct. of the stems were dry. | 


AS SHOWN BY THE YIELD. 

At Geneva. The potatoes were dug on September 26, 27 and 
30. At that time the majority of the stems on the sprayed rows 
were still succulent, but growth had ceased except in an occa- 
sional plant. The unsprayed plants were all dead and the stems 
dry. 
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The potatoes were dug by hand and care taken to lose none. 
The product of each row was sorted into two grades, mar- 
ketable tubers and culls, and the weight of each grade taken. 
All tubers larger than a hen’s egg were graded as marketable. 
The sorting was nearly all done by the writers and as uniformly 
as possible. 


TasBLE I. YIELDS IN THE EXPERIMENT AT GENEVA. 
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Comments on the table-—An examination of the above table re 
veals the following: (1) In each of the five sections the sprayed 
rows yielded more than the unsprayed row, the least difference 


6Tt will be observed that row 10 (sprayed 3 times) yeilded at the rate’of 214 bu. per acre 
more than row 11 (sprayed 7 times). There is surely some error here, but it has been impos- 
sible to account for it. It is not in the weighing. Because of this discrepancy it will be 
necessary to leave section D, comprising rows 10, 11 and 12, out of consideration in making 
up the average yields. 
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being in section C, where the three-sprayed row 7 yielded only 
74 bushels per acre more than the unsprayed row 9. The great- 
est difference between a three-sprayed row and an unsprayed row 
in any one section (barring section D, in which there is evidently 
an error) is in section B, where row 4 yielded 12034 bushels per 
acre more than row 6. 

(2) In every case, except in section D, the seven-sprayed row 
yielded more than the adjacent three-sprayed row in the same 
section, the difference being least in section B, where it was 14 
bushels per acre, and greatest in section C, where it was 44 
bushels per acre. 

(3) The yield of rows receiving the same treatment varied con- 
siderably in different portions of the field. With the unsprayed 
rows the greatest difference was 30 bushels per acre; with the 
three-sprayed rows, 29 bushels; and with the seven-sprayed rows, 
299 bushels. These differences seem to have been due chiefly to 
differences in severity of attack by blight. The blight started in 
section E next an oat field which bordered the potato field on 
‘one side for about one-half its length. The damage done by 
blight was noticeably greater here than in any other part of the 
field. 


Yield by series.— The four rows sprayed three times constitute 
series I’, and the average yield of these four rows make the yield 
of series I. The yields given for series II and III were computed 
in the same manner. The yield by series is shown in the follow- 
ing table, in which the results of the experiment are reduced to 
their simplest terms. ; 


TABLE IJ.. YIELD BY SERIES AT GENEVA. 
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T Rows of Section D omitted because of manifest error. 
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Increase in yield due to spraying three times, 98 1-2 bushels 
per acre. 

Increase in yield due to spraying seven times, 123 1-2 bushels 
per acre. . 

Considering that the difference in the appearance of the foliage 
on series I and IJ was very slight, we were surprised to find the 
difference in yield so large as 25 bushels per acre. 

The loss from rot.—Although there had been considerable late 
blight (Phytophthora) on all of the unsprayed rows and a litile 
also on the sprayed rows, the tubers were found to be but little 
affected with rot. On the sprayed rows only an occasional rot- 
ten tuber was found, and even on the unsprayed rows the number 
was not large. Most of the affected tubers were completely rot- 
ten. Very few showed the early stages of the disease. 

In order to determine, approximately, the amount of the loss 
from rot, the number of rotten tubers was counted on row 12, an 
unsprayed row which probably suffered as much from blight as 
any other-row in the field except row 15. The number of rotten 
tubers was found to be 184. Unfortunately, the number of sound 
tubers in row 12 was not determined, but assuming it to be the 
same as on the unsprayed row 6, where the number was 1,628, 
the loss from rot was 7.6 per ct. In size the rotten tubers ap- 
peared to average about the same as the sound ones. This would 
make the loss from rot on the unsprayed rows about 18 bushels 
per acre, which is small, considering that the tops were so badly 
blighted. Had the conditions been more favorable for rot it is 
likely that the difference in yield between the sprayed and un- 
sprayed series would have been considerably greater. 

At Riverhead.— The potatoes were dug on August 29 and 30 
by hand and carefully and uniformly sorted into marketable 
tubers and culls. On the sprayed rows growth had ceased, the 
leaves being nearly all dead, but many of the stems were still 
green and more or less succulent. The unsprayed plants were 
entirely dead and the stems dry. 
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Tasie III. Yieups In THe EXPERIMENT AT RIVERHEAD. 
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«eae | Sprayed 7 times... | 4985 | 36 | 2853 Botaes: 
ie 8 | Sprayed 3 times... . 4584 | 39 | 305% wi ez 
Q. | Unsprayed. : uss... | 38854 | 76 Co a ee | 504 
eae odowd| Spravedia messes \nha7s4e [ol 35 }on8i9: b| 234 
Daley? 11, ee haved ahietie-a07n 414 e714) @ Soe 
Assad Ga 2S 418} | Bea 79 | 34 











Comments on the table-—The most notable feature of this 
table, as compared with the table of yields for Geneva on page 
90, is ihe smaller difference in vield between sprayed and un. 
sprayed rows. This is due to the fact that in the experiment at 
Geneva late blight and rot wrought considerable havoc among the 
uusprayed plants, while in the experiment at Riverhead there was 
no attack of late blight. At Riverhead the increased yield of the 
Sprayed rows was chiefly due to better protection against flea 
beetles and to the stimulating effect of bordeaux on the foliage. 
There was no disease to combat in this experiment except, per- 
haps, a small amount of early blight. 

In section C, row 8, sprayed three times, yielded at the rate of 
20 bushels per acre more than row 7, sprayed seven times. In 
section 1}, row 12, unsprayed, yielded eight bushels per acre more 
than row 11, sprayed three times. These are plainly inconsisten- 
cies which we are unable to explain. Possibly they are due to 
errors in weighing, but we think not. Great care was exercised 
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to give the rows an equal chance in every respect except in the 
matter of spraying, but, somehow, error crept in. This is an 
Ulustration of the inaccuracies which may occur even in the most 
carefully planned and carefully managed field experiments. 


Yields by series.—The yield by series is shown in the following 
table: : 


TABLE IV. YireLtp By SERIES AT RIVERHEAD. 
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Series. Rows. DATES OF SPRAYING. baci 
| | Bu. Ibs. 
Tov} 2,5; 8: and-11: 7--May-26, Jane 20-and July 22. 22 5.-— aoa 295 20 














| 
—— __ 





II....| 1,4, 7 and 10..| May 26, June 3, 20, 30, July 11, 23 and Aug. 5.) 315 35 








TH; -c:8, 6,9 and 12.2)-Not-eprayedseican, avert 267 40 








Increase in yield due to spraying three times, 27% bushels 
per acre. 

Increase ir yield due to spraying seven times, 45 bushels per 
acre. 


Loss from rot.—At Riverhead there was no loss from rot, not 
even on the unsprayed rows. 


AS SHOWN BY CHEMICAL ANALYSIS. 

With the potato the question of quality is less important than 
with many other vegetables and fruit. For the most part, 
potatoes are potatoes so far as their food value and cooking qual- 
ities are concerned, although it is true that some varieties are 
recognized as being preferable to others in these respects; also, 
tubers grown in certain localities where the soil is supposed to 
be especially suited to the potato command a somewhat higher 
price. For a given variety buyers usually have a uniform price, 
except for lots in which the tubers are scabby or much out of the 
ordinary size. In short, sprayed potatoes sell for the same price 
as unsprayed ones, because consumers recognize no difference 
between them. 

As for the effect of spraying on the quality of the tubers, it 
appears to be simply a question of maturity. When a potato 
plant dies prematurely from blight its tubers must of necessity be 
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less mature than those of sprayed plants which grew two or three 
weeks longer. The difference in the degree of maturity between 
the tubers of sprayed and unsprayed plants depends, of course, 
upon the length of time the life of the plants is prolonged by 
Spraying. In those cases in which the unsprayed plants are 
killed early in the season, while the sprayed ones grow on to the 
close of the season and die naturally, it seems as if the difference 
in the maturity of the tubers might be sufficiently great to mate- 
rially affect their food value. In order to get light on this subject 
it was suggested by Director Jordan that a chemical analysis be 
made of tubers from sprayed and puny WED plants in the experi- 
ment at Geneva. 

Accordingly, there were taken fifty consecutive hills from a row 
sprayed seven times (row 8) and fifty other hills from the adjoin- 
ing unsprayed row (row 9) and the entire product placed at the 
disposal of Director Jordan, under whose direction the analyses 
were made. Following is Dr. Jordan’s account of the results: 

“As stated in the foregoing, there was placed in my hands the 
product of fifty hills of potatoes sprayed seven times and of fifty 
hills unsprayed. Both lots were weighed, counted and analyzed. 
The results appear in the following table: 


CHARACTER AND COMPOSITION OF SPRAYED AND UNSPRAYED POTATOES. 
YIELD AND SIZE OF TUBERS. 
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| NUMBER OF TUBERS IN 
50 Hiuus. | 
jesean ; ___| Tubers | Total | Average 
TREATMENT. | | in one jweight of weight of 
Min efaharit- Utimen r : hill. | tubers. — tubers. 
| able. |chantable.) Total. | | 
ig | | | ‘| Lbs. Ozs. 
Sprayed potatoes. . .| 345 7 123 bel SAO iy) O42. 3.56 
Unspraved ‘“ 263 79 342°)" 6.84 67.4 3.15 
wee | ul ean sia 
COMPOSITION OF TUBERS. 
| Nitrogen| 
“ENS TREATMENT. | Water. | DIY | Ash. | Protein. free com-| Starch. 
’ | erg pounds. 
Per ct. | Per ct. |Per ct. Per ct. | Per ct. 
4134 | Sprayed potatoes whey 0G: 24. 9 20 O ate oa 16s 8 
4133 | Unspraved ‘“ Pett oe Nee. O au 19.3 15.9 
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“These data disclose the following facts: 

“(1) The sprayed potatoes yielded more tubers to the hill and 
of larger average size than the unsprayed. 

(2) Spraying apparently had the effect of increasing the dry 
matter of the tubers. This increase is seen to consist mostly of 
starch, the excess of dry matter in the tubers from sprayed 
potatoes being 1.4 per ct., and of starch 1.1 per ct. 

“Other things being equal, the food value of a vegetable or 
fruit is proportional to its digestible dry matter. As the increase 
from spraying is seen to be almost wholly starch, and as this 
carbohydrate is practically all digested, it is reasonable to con- 
clude that the sprayed potatoes are about 7 per ct. more valuable 
for human food than the unsprayed. 

“For the same reasons and to the same extent the sprayed 
potatoes would be worth more to manufacturers of starch.” 


THE PROFIT. 

At Gencva.— For the reasons given on page 79 no attempt was 
made to keep an account of the expense of spraying in the experi- 
ment. Nevertheless, it is worth while to consider briefly the 
probable profit. 

In central and western New York the market price of potatoes 
during October was about 50 cents per bushel. Early in Novem- 
ber the experiment potatoes were actually sold for 60 cents per 
bushel. Spraying three times increased the yield 981% bushels per 
acre. At 50 cents per bushel this increase is worth $49.25. 
Judging from previous experience, it is our opinion that spray- 
ing as thorough as in this experiment could be done on a com- 
mercial basis at an expense not greater than $2 per acre for each 
spraying, or $6 for three sprayings. This allowance is certainly 
ample. On Long Island, in 1896, the Station sprayed eight acres 
of potatoes at a total expense of 80 cents per acre for each appli- 
cation’; but, of course, the work was not done as thoroughly as 
at Geneva. Under proper management and with a supply of 
water reasonably accessible, potatoes may be sprayed at a total 
expense of $1 per acre for each application. Besides, it should 
not be forgotten that at least one, and usually two, applications 


8See Bul. No. 123 of this Station, page 241. 
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of poison are required to keep the Colorado potato beetles, or 
“bugs,” under control. -In this particular experiment it was 
necessary to use paris green twice on the unsprayed rows to kill 
“bugs.” Probably this could not have been well done for less 
than 50 cents per acre for each application, or $1 per acre for two 
applications. In fairness, this $1 should be deducted from the $6, 
leaving $5 as the extra expense per acre due to spraying. 

The increase in yield per acre due to seven sprayings was 12314 
bushels, having a value of $61.75. Allowing that the extra ex- 
pense of the seven sprayings was $13 per acre, there is left a net 
profit of $48.75 per acre. 

At Riverhead.— In the experiment at Riverhead the Station 
had an agreement with Mr. Sirrine to pay him for all expense of 
the spraying, labor being rated at 20 cents per hour. Mr. Sirrine’s 
bill for labor and chemicals was $2.42 for the three sprayings of 
series I and seven sprayings of series IJ, making the actual ex- 
pense of spraying $2.42 per acre for each application. Of course 
this expense is proportionally higher than it would be where 
fields of several acres are sprayed with a horse sprayer. AS 
already stated, $2 per acre is ample allowance for the expense of 
spraying as thoroughly as was done in these experiments. 

On Long Island the price of potatoes during September, the 
month in which the principal part of the crop of late potatoes is 
dug, ranged from 25 to 55 cents per bushel. The experiment 
potatoes were stored and actually sold in December for 65 and 
75 cents per bushel. The increase in yield per acre due to three 
sprayings was 272 bushels, worth, at 40 cents per bushel, $11. 
Deducting from this the sum of $6, the expense of the three spray- 
ings, there is left a net profit of $5 per acre. 

The increase in yield per acre due to seven sprayings was 45 
bushels, worth $18. Deducting $14 as the expense of the seven 
sprayings, there is left a net profit of $4 per acre. 


_ CONDITION OF THE POTATO CROP IN NEW YORK IN 1902. ~ 


In central and western New York the potato crop of 1902 was 
light. Prolonged wet weather delayed planting, and many fields 
afterward suffered from an excess of rain. The rains also hin- 
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dered cultivation. arly varieties blighted and rotted badly dur- 
ing the latter part of July, making it necessary to dig and market 
them at once. Late potatoes became quite generally affected with 
late blight during the last week in July and the first week in 
August, and many fields were entirely dead by September 1. 
During August and September the weather was drier than in 
July and much less favorable to blight. In fact, after about 
August 10 the weather was such that it is unlikely that blight 
would have done any appreciable damage had it not been that 
the fields were already thoroughly seeded with the disease. As 
it was, the foliage of all unsprayed potatoes was considerably in- 
jured by late blight, but there was only a slight amount of rot 
found among the tubers at digging time. 

From all sections, except Long Island, small yields were re- 
ported. In the vicinity of Geneva yields as high as 100 bushels 
per acre were rare. From 50 to 75 bushels per acre were the 
common yields, while yields as low as 25 bushels per acre were 
frequently reported and occasionally fields were found’ not worth 
digging. 

In the central and western portions of the State it appears that 
late blight and “bugs” were practically the only troubles of 
potato foliage. There was no early blight, and flea-beetles did 
only slight damage late in the season. In some sections “ bugs ” 
were reported unusually troublesome. Many farmers found it. 
almost impossible to kill them with paris green in water. Some 
used it at the rate of two or three pounds to 50 gallons of water, 
making two or three applications; and even then the bugs did 
much damage. Such heavy applications of paris green are likely 
to have injured the foliage unless lime water was used with it. 

On Long Island, particularly in the eastern portion, the potato 
crop was unusually heavy. In the western portion there was a 
little blight and rot, while in the eastern portion there was no late 
blight worth mentioning, very little early blight, and “ bugs” 
were about as troublesome as usual. Flea-beetles and tip burn 
did some damage. Yields of 3800 bushels per acre were very 
common, while yields of 350 to 400 bushels per acre were occa- 
sionally reported. 
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CAN FARMERS OBTAIN AS GOOD RESULTS? 

Some persons are inclined to question the reliability of the 
results obtained in potato spraying experiments like those 
reported in this bulletin. They doubt that such results can be 
duplicated in ordinary farm practice. It cannot be denied that 
such doubts are, to a certain extent, justified, and, therefore, it 
is worth while to devote some space to a discussion of this 
subject. 

In the experiment at Geneva the yields obtained were so far 
above those obtained by farmers in the surrounding country as 
to arouse curiosity concerning the methods of culture employed. 
On this account the methods have been given in full on page 82. 
Even on the unsprayed rows the average yield per acre was 219 
busheis, or about double the best yields obtained by farmers in 
the vicinity. In seeking to account for this large yield on 
unsprayed rows several have called attention to the fact that 
fertilizer was used at the rate of 1,000 pounds per acre, and 
expressed the opinion that this quantity was excessive and larger 
than a farmer could afford to use. On many farms, already 
rich in fertility, it would no doubt be wasteful to apply fertilizer 
at the rate of 1,000 pounds per acre for a potato crop; but in the 
experiment at Geneva the condition of the land was such that 
the application of that quantity seemed justified. By a fortunate 
accident it was made possible to determine accurately the benefit 
obtained from the use of the fertilizer. In weighing out fer- 
tilizer for the experiment, the two outside rows, O. A and O. B 
(see diagram on page 81) were forgotten and no allowance of 
fertilizer made for them. The result was that these two rows 
were planted without fertilizer. Throughout the season they 
were treated in exactly the same manner as the unsprayed rows 
in the experiment. They received no bordeaux mixture, but were 
treated with paris green for “bugs” at the same time as the 
unsprayed rows. When the potatoes were dug row O. A, with- 
out fertilizer, yielded at the rate of 137 bushels per acre, while 
the nearest unsprayed row, row 3, with fertilizer, yielded at the 
rate of 235 bushels per acre. On the other side of the field, row 
O. B, without fertilizer, yielded 100 bushels per acre; while the 
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neighboring unsprayed row, row 15, with fertilizer, yielded 205 
bushels per acre. Thus it appears that the use of 1,000 pounds 
of fertilizer per acre increased the yield about 100 bushels per 
acre. The value of the fertilizer used was $13, while 100 bushels 
of potatoes were worth $50, and the net profit from the use of 
the fertilizer was $37 per acre. Certainly it would have been 
false economy not to have used the fertilizer. 

As for the experiment at Riverhead, where fertilizer was used 
at the rate of 1,100 pounds per acre, it need only be said that on 
Long Island that quantity is considered moderate, and Station 
experiments have shown 1,000 pounds per acre to be profitable’. 
Many potato growers use one ton per acre and believe that it is 
profitable. 

Another objection raised by potato growers in central and 
western New York is that the potatces were planted in drills, 
which, of course, tends to increase the yield, but on many farms 
is impractical, owing to the difficulty of keeping the crop free 
from weeds. Many farmers plant from 388 to 36 inches apart 
each way, which admits of horse cultivation in both directions. 

On land foul with weeds it would probably be unwise to plant 
in drills; for, no doubt, considerable hand labor would be re- 
quired, especially in wet seasons. However, it should be the aim 
to prevent land from becoming foul. On the Station farm it is 
the policy to keep weeds under control, and, consequently, no 
difficulty whatever was experienced in keeping the potatoes clean 
by ordinary horse cultivation. 

We do not consider the objection to planting in drills well 
founded. By a little extra care, year after year, weeds may be 
kept under control to such an extent that it will be possible to 
plant potatoes in drills and keep them free from weeds without 
employing hand labor. Where potatoes can be planted in drills 
it is desirable to do so, since the yield can be greatly increased 
thereby at little extra expense. 

As to the use of whole small tubers for seed little need be said. 
The object was to secure a full stand in order to have: uniform 
conditions throughout the experiment; and a full stand is more 
readily obtained with whole tubers than with pieces. However, 


® Bulletins Nos. 93, 112, 137, 154 and 187 of this Station. 
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it is not generally considered a good practice to plant whole 
small tubers. 

Another objection is the small scale upon which the experi- 
ment was made. Each series had an area of one-tenth acre and 
each row one-fiftieth acre. There is every reason to believe that 
the yields were actually as large as stated. The product of each 
row was accurately weighed to an ounce and the land accurately 
measured. But it must be admitted that so small an area has 
advantages over large ones. In the first place, almost every 
large field has a certain amount of poor or waste land which cuts 
down the average yield; whereas, a small field can be so located 
that there will be no waste land. Secondly, with a small field it 
is possible to plant, spray, cultivate, etc., always at the proper 
time, which is not possible for large fields. 

The spraying was done more thoroughly than most farmers 
would do it, and since the success of spraying depends largely 
upon the thoroughness with which it is done, it is likely that the 
benefits from spraying in the experiment were greater than they 
would be from spraying done by the average farmer. However, 
the thoroughness of spraying was partially offset by the fact that 
the diseased foliage of unsprayed rows often intermingled with 
the foliage of sprayed rows, subjecting them to greater danger 
of infection than would be the case where a whole field is sprayed. 
Also, the alternation of sprayed with unsprayed rows made the 
progress of the disease less rapid among the unsprayed plants 
than it would have been in unspraved fields, where the disease 
could pass from one plant to another across rows as well as 
lengthwise of them. In the experiment infection among the 
unsprayed plants must have ‘spread chiefly lengthwise the rows. 

No matter in what way a large yield is brought about, whether 
by the use of large quantities of fertilizer, by thick planting, extra 
cultivation or the use of productive varieties, the benefits from 
spraying will be correspondingly increased. That is to say, a 
field of potatoes which without spraying would yield but 100 
bushels per acre, would not give as large returns for spraying as 
would a field capable of producing 200 bushels per acre without 
spraying. In the Geneva experiment, with potatoes which 
yielded 219 bushels per acre without spraying, three sprayings 
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increased the yield 984 bushels per acre. Had these same three 
Sprayings been applied to fields near Geneva which yielded only 
100 bushels per acre without spraying, it is unlikely that the yield 
would have been increased as much as 983 bushels per acre; but 
just how large an increase might be expected in such a case is 
not clear’. Of course much depends on the cause of the low 
yield. If it were chiefly due to the ravages of insects or blight 
the case would be quite different from what it would be if there 
were errors in culture or a lack of fertility. Spraying cannot be 
expected to correct errors in culture or take the place of fertility. 

With the ravages of blight and insects the same, it seems prob- 
able that the maximum benefit from spraying is to be obtained 
in potato fields in which all other conditions are most favorable 
to a large yield. 

While an increase of 984 bushels per acre is to be considered 
an excellent return for three sprayings, the amount is not as 
great as it might have been had the blight been as severe in the 
experiment field as it was in many other fields around Geneva. 
In some respects the conditions for getting large returns were 
exceptionally good in the experiment, but on the whole it seems 
as if up-to-date potato growers, who employ correct cultural 
methods, fertilize liberally and spray properly, should have done 
equally well during the past season. 


DOES IT PAY TO SPRAY POTATOES? 
To give a positive answer to this question would be to antici- 
pate the results of the long series of spraying experiments just 


_— 


10The best information on this subject available is furnished by a farmer living about five 
miles northwest of Geneva. He sprayed 12 acres of potatoes three times with a power sprayer 
which sprayed five rows at a’time with one nozzle per row. One row through the center of 
the field was left unsprayed. This row was dug separately and the yield carefully measured. 
The same was done with an adjacent sprayed row. It was found that the sprayed row out- 
yielded the unsprayed row by a trifle more than three bushels. Since sixteen rows were 
required to make an acre, the increase in yield amounted to over 48 bushels per acre. The 
yield on the unsprayed row was at the rate of 110 bushels per acre and on the remainder of 
the field about 160 bushels per acre. He estimates that on the twelve acres spraying increased 
the yield by nearly 600 bushels of potatoes having a value of $300. Of this sum at least $235 
was clear profit. 

In this case the spraying could not have been thoroughly done, and consequently the results 
are not strictly comparable with those obtained in the experiment on the Station farm; but 
they show what can be done by farmers under average conditions. Unquestionably, 
there are hundreds of farmers in central and western New York who could have made $20 
per acre net profit by spraying their potatoes last season. 
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begun at the Station. ‘However, it may be said that the writers 
themselves already have decided opinions on the subject. The 
object of the experiments is to produce evidence which shall be 
so conclusive that farmers generally will be convinced and prac- 
tice spraying. 

It is our opinion that it does pay well to spray potatoes. In 
some seasons it pays much better than in others, but, if properly 
managed, it will not result in loss in any Season. Many persons 
think that spraying is useful only in preventing blight and rot. 
This is a mistake. Numerous experiments show that spraying 
increases the yield considerably, even when the plants are not 
attacked by blight. Bordeaux mixture stimulates the potato 
leaves to produce more starch. Then, too, it has been shown that 
“bugs ” and flea-beetles are kept more thoroughly under control 
by spraying with bordeaux mixture than by any other method. 
Farmers certainly do not realize how great is the damage done 
by “bugs” and flea-beetles. The common methods of fighting 
these insects are not as effective as they should be. For the most 
part flea-beetles go unchecked. ‘“ Bugs” are poisoned with paris 
green, which is either applied in dry form by means of a powder 
gun or in water by means of a sprinkler. By either method a 
large proportion of the “ bugs ” usually escape and the plants are 
more or less stripped of their leaves. In many cases the paris 
ereen treatment is applied two or three times and large quantities 
of the poison used. Still the “‘ bugs” thrive, while the foliage is 
often seriously injured by the paris green. Paris green applied 
dry almost always does some injury to the foliage. The same 
thing often happens when it is used in pure water, but when it 
is used in lime water the foliage is not injured. Of course 
“bugs” can be thoroughly controlled with paris green, but as 
a matter of fact they usually are not controlled, and considerable 
damage results. | 

When potatoes are sprayed three times or more with bordeaux 
mixture there is no trouble with “ bugs,” no damage done by 
them, and there is no paris green injury to the foliage. All that 


‘is necessary is to add paris green to the bordeaux at the rate of 


one-half to three-fourths of a pound to each 50 gallons of bor- 
deaux. Spraying also prevents a considerable part of the dam- 
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age done by fiea-beetles. They are not entirely controlled, but 
their ravages are materially lessened. Thus, spraying obviates 
the necessity of fighting “ bugs ” and flea-beetles. 

Fairly thorough spraying can be done at a total expense of $1 
per acre for each application. At this rate three sprayings would 
cost $3. The returns which may be expected from such spray- 
ing are 25 to 100 bushels per acre increase in yield. In any 
season the increased yield will cover the expense of spraying, 
and in most seasons there will be a Jarge net profit. 


DIRECTIONS FOR SPRAYING. 


Commence spraying when the plants are six to eight inches 
high and repeat the treatment at intervals of about two weeks as 
long as the plants continue green. Usually six applications will 
be required. The bordeaux mixture should contain six pounds 
of copper sulphate to each 50 gallons. Whenever “bugs” or 
flea-beetles are plentiful add paris green at the rate of one-half 
to three-fourths pound to 50 gallons of bordeaux. Thoroughness 
of application is to be desired at all times, but is especially 
important when flea-beetles are numerous or the weather favor- 
able to blight. When a horse sprayer is used there should be 
two nozzles for each row. 

Those who wish to get along with three sprayings should post- 
pone the first one until there is danger of injury from “ bugs ” 
or fiea-beetles, and then spray thoroughly with bordeaux and 
paris green. The other two sprayings should likewise be thor- 
ough and applied at such times as to keep the foliage protected 
as much as possible during the remainder of the season. Very 
satisfactory results can be obtained from three sprayings. 

A single spraying is far better than none, and will always be 
profitable, but more are better. There is no excuse for using 
paris green alone for “bugs.” Whenever it is necessary to fight 
insects use bordeaux containing paris green. 


RASPBERRY CANE BLIGHT AND RASP. 
Bi Wwhoye YF EleOW S* 


F. C. Stewart AND H. J. Eustacs. 


SUMMARY. 

I. Cane blight is a disease of raspberries which causes the 
plants, either wholly or in part, to suddenly die, about the time 
the fruit is ripening. It is caused by a fungus which attacks 
the canes at some point, killing and discoloring the bark and 
wood, thereby causing the death of the parts above. It occurs 
more or less abundantly, and often destructively, in most of the 
raspberry plantations in New York. It attacks nearly all 
varieties of the raspberry, both red and black, and perhaps also 
the dewberry; but the blackberry is exempt. 

Inoculation experiments have shown that it is caused by the 
fungus Coniothyrium sp. Both new and old canes succumb to 
inoculation within two months. Natural infection occurs on 
new canes during summer and autumn, and, probably, also on 
fruiting canes in the spring. Infection often takes place in 
wounds, particularly those made by the snowy tree cricket and 
in “heading back” the new canes. 

The fungus is disseminated by means of infected nursery stock ; 
by wind, rain and washing of the soil; and in picking, pruning 
and laying down the canes. 

The bluish-black areas so common on new canes of red rasp- 
berry in August and September, and once thought to be the early 
stage of cane blight, are now believed to be due to the fungus 
Sphaerella rubina and comparatively harmless. Perhaps this 
is Miss Detmar’s bacterial disease. 

In an experiment at Charlotte, N. Y., Cuthbert raspberries 
sprayed three times during the spring with bordeaux mixture 


*A reprint of Bulletin No. 226. 


106 ReEporRT OF THE BOTANIST OF THE 


gave an average yield of 1854 pints per row, while unsprayed 
rows in the same plantation averaged 2033 pints. The spraying 
might have been more successful had it been commenced the pre- 
vious Ssuimmer. 

No definite and effective line of treatment has yet been estab- 
lished. Among several precautions to be observed the most 
important are: (1) To secure healthy plants with which to 
start the plantation; (2) to remove the old canes immediately 
after the fruit is gathered. 

II. Yellows is a name proposed for a raspberry disease which 
is believed to be chiefly responsible for the so-called running out 
of the variety Marlboro in the Hudson Valley. It is charac- 
terized by stunted growth, mottled yellowish-green foliage and 
dry, insipid fruit. The cause and remedy are both unknown. 
In an experiment at Marlboro, N. Y., plants sprayed thirteen 
times were as much affected as unsprayed plants. 


INTRODUCTION. 


It is the intention of the writers to publish, at some future 
time, a complete account of the diseases of the cultivated rasp- 
berries, blackberries and dewberries. Studies on this subject 
have been in progress about three years. It will be at least a 
year, and perhaps longer, before the work can be completed, and 
for that reason it is thought best to publish now some of the 
results which, it is believed, will be of interest to fruit growers. 


I. RASPBERRY CANE BLIGHT. 
HISTORY, DISTRIBUTION AND BIBLIOGRAPHY. 


Raspberry cane blight first came to our attention in 1899 
while prosecuting a fruit-disease survey of the Hudson Valley. 
Although abundant and destructive and evidently not new to 
fruit growers, the disease was, nevertheless, entirely unknown to 
science at that time. It seems strange that so conspicuous and 
widespread a disease should so long have escaped the attention 
of plant pathologists. 

In the season of 1900 our observations were extended to cen- 
tral and western New York where the disease was again found 
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in abundance, and further observations made in 1901 and 1902 
indicate that it occurs more or less abundantly in a majority of 
_ the raspberry plantations throughout New York State. 

Concerning the prevalence of the disease in other states there 
is, as yet, very little definite knowledge. Through the kindness 
of Prof. A. D. Selby we have obtained positive evidence of its 
existence in Ohio. Dr. W. C. Sturgis, formerly botanist of the 
Connecticut Experiment Station, sent us specimens of the disease 
from Connecticut in 1900 with the statement that it was destruc- 
tive there. It has undoubtedly been observed in Wisconsin by 
Mr. W. C. Thro, a nursery inspector, who kindly sent us typical 
specimens of the disease collected at Janesville, Wisconsin, in 
1900. However, Mr. A. L. Hatch, an observant fruit grower of 
Sturgeon Bay, Wis., writes that he is unfamiliar with any rasp- 
berry disease of this description. Prof. F. D. Chester, of the 
Delaware Experiment Station, informs us that a destructive rasp- 
berry disease having the general symptoms of our cane blight 
occurred in Delaware in 1901; but the specimens which he sent 
bore none of the fungus (Coniothyrium) which is the cause of 
cane blight. It is possible that these specimens were cut off 
above the point of attack. 

It is believed that the following articles constitute the bibliog- 
raphy of the disease at the present time: 


1899. Stewart, F. C., & Blodgett, F. H. A Fruit-Disease Sur- 
vey of the Hudson Valley in 1899. N. Y. Agr. Exp. 
Sta. Bul. 167: 305-307. 

1900. Stewart, F. C. Fruit Diseases in the Hudson Valley in 
1899. Proc. Fourth Ann. Meeting of the Eastern N. Y. 

weariort; 0c., p. 21. 

1900. Stewart, F. C., Hall, F. H., & Rolfs, F. M. A Fruit Dis- 
ease Survey of Western New York in 1900. N. Y. Agr. 
Exp. Sta. Bul. 191:330. Illus. 

1901. Stewart, F. C. Plant Diseases. Proc. Forty-sixth Ann. 
Meeting of the Western N. Y. Hort. Soc., p. 84. 

1901. Ibid. Report of the Committee on Plant Diseases. Pros. 

| Fifth Ann. Meeting of the Eastern N. Y. Hort. Soe., 

pp. 28, 29. 
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1901. Thro, Wm. C. Report of Nursery Inspection in Wiscon- 
sin for 1900: concluded. Zhe Wisconsin Horticulturist. 
Vol. VI, No. 2, p. 81, Apr. 1901. Baraboo, Wis. 

1902. Stewart, F. C. Sudden Dying of Raspberry Canes. 
American Agriculturist, 70:100. Aug. 2, 1902. 


All of the above articles are brief, the most important ones 
being the first and the third. 


DESCRIPTION. 


Both red and black raspberries are attacked, but on red varie 
ties the symptoms are somewhat different from those on black 
ones. The principal damage is done to fruiting canes, although 
new canes are attacked and occasionally killed during the first 
Season of their growth. The foliage on affected canes wilts sud- 
denly and becomes dry. The whole cane may be involved or 
only a portion of it. Often a single branch is killed, while the 
remainder of the cane continues alive and apparently normal. 
(See Plate VI.) In the majority of cases only a part of the cane 
dies. With black caps the disease frequently starts in the old 
stub left in pruning. From this point it‘gradually works down- 
ward, killing first the uppermost branch, then the next lower one, 
and so on until by the close of the berry harvest one-half or more 
of the cane may be dead. On black caps the disease also shows 
a tendency to work down one side of the cane, killing the bark- 
and discoloring the wood on that side, while on the other side 
the bark remains green. This may occasionally happen with the 
red varieties, but as a rule they are attacked at some particular 
point en the cane. Here the bark is dead and the wood brown. 
For some time the injury extends only part way around the cane, 
and as long as there is a strip of green bark left connecting the 
parts above the point of attack with those below all goes well; 
but when the injury at length completely encircles the cane the 
leaves on that portion above the injury suddenly wilt and die. 
By the time this happens, the cane at the point of attack is dead 
throughout a section which is usually from two to four inches in 
length. Both above and below this dead section the cane itself 
may be normal, with nothing to indicate the cause of the sudden 
wilting of the leaves. However, a cane may bear several of these 
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dead sections of various sizes. If the point of attack is near the 
ground the whole cane dies; if higher up, only a part of it. When 
part of a cane dies while the remainder continues alive, the point 
of attack is to be sought at the boundary between the dead and 
living portions. Usually, the seat of the difficulty may be located 
by the color of the bark, which is somewhat different from that 
on the rest of the cane. For the most part it is lighter colored 
and smutty, with smoke-colored patches of exuded spores. In 
many cases numerous minute pimples, the pycnidia of the fungus, 
are visible. By cutting into the cane with a knife the matter may 
be decided at once. Where the cane is diseased the wood is 
Strongly discolored. A marked characteristic of cane blight is 
the brittleness of the cane at the point of attack. 

While it is common, both with black caps and red varieties, 
for the disease to be confined to one or more definite areas of 
infection on the cane, there are also many instances in which the 
disease pervades a large portion of the cane before death occurs. 
In such cases it is common for the affected wood to crack and 
the bark to peel off, particularly on the lower portion of the cane. 

Fruiting canes affected with cane blight may die at any time. 
Almost as soon as the leaves unfold in the spring branches com- 
mence to die. As the season advances the disease increases in 
virulence and reaches the maximum during the ripening of the 
fruit. Canes loaded with ripening fruit suddenly wilt, either 
wholly or in part, and dry up. The disease does not spread from 
an initial center, but canes die here and there all through the 
plantation. Thrifty, well-cared-for plantations suffer as well as 
neglected ones. 

So far as observed, only the canes are affected. The disease 
certainly does not attack the leaves, and the fact that new canes 
in badly diseased plantations make as good a growth as those 
in healthy plantations indicates that the roots are not affected. 

In August and September the new canes of red raspberries 
often show bluish-black or brown areas from two to four inches 
in length and extending nearly or quite around the cane. These 
discolored areas are very conspicuous, and at one time were mis- 
taken for the early stage of cane blight. Probably they have 
nothing to do with cane blight. The real cause of the discolora- 
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tion is given on page 128, where a full discussion of the subject 
will be found. — 

By careless persons cane blight is often mistaken for the work 
of the raspberry cane borer, Oberea bimaculata; but the absence 
_ of any insect burrow within the affected canes is conclusive proof 
that the trouble is not caused by a borer. Moreover, according 
to our observations, the raspberry cane borer is not common in 
New York. During the four years in which cane blight has 
been under investigation we have examined many plantations in 
various parts of the State and have only occasionally found the 
cane borer. 

Cane blight has also been mistaken for the effect of drought 
and winter injury. While drought at fruiting time may aggra- 
vate cane blight it is certainly not the cause. Raspberries injured 
by drought dry up slowly and with considerable uniformity ; 
whereas plants affected with cane blight die suddenly and a por- 
tion of the cane may be wholly dead while the remainder is as 
luxuriant as ever. In general, cane blight differs from winter 
injury in that canes injured by winter do not put out leaves on 
the injured portion, while plants attacked by cane blight may put 
out leaves normally and flourish until the fruit is nearly ripe, 
then suddenly die. However, it sometimes happens that canes 
severely attacked by cane blight during the first season of their 
erowth are particularly susceptible to winter injury and do not 
put out leaves the following spring. 


DAMAGE DONE AND VARIETIES AFFECTED. 
In New York cane blight is so common that it is difficult to 
find a raspberry plantation wholly free from it, and yet it is prob- 
able that in a majority of the plantations the damage done by 
it is inappreciable. The loss of an entire crop because of cane 
blight is rare; but in many cases the loss has been as much as 
one-fourth to one-half of the crop, and occasionally as much as 
two-thirds. In the aggregate the loss from raspberry cane blight 
in New York must be enormous. Every season the Station 
receives numerous inquiries concerning the cause of cane blight 
and means of preventing its ravages. There is a widespread 
interest in the disease among growers of raspberries. — 


New YorK AGRICULTURAL EXPERIMENT STATION. 144 


In general, it is more destructive in old plantations than in 
new ones, and as the age of a plantation increases the virulence 
of the disease increases. However, there are exceptions to this 
rule. At Marlboro, N. Y., a plantation ef Couwtant No. 1 was so 
severely attacked in 1900 that the crop was reduced fully one 
third. In 1901 and 1902 the loss from cane blight in this plan- 
tation was inconsiderable. At Charlotte, N. Y., in a planta- 
tion of Cuthbert, the loss, as estimated by the owner, was two- 
thirds of the crop in 1901 and only one-fourth in 1902. No doubt 
the virulence of the disease varies considerably from season to 
season owing to variation in weather conditions. Like most 
fungi, the fungus causing cane blight probably thrives best and 
spreads fastest in wet seasons, and yet losses from the disease 
may be heaviest in dry seasons. This comes about from the 
fact that canes become infected during the first season of their 
growth, but do not show the effects until the following season. 
It seems likely that the spread of the disease is most influenced 
by weather conditions during the period of infection and that 
after infection has once taken place the growth of the fungus 
within the cane is not materially affected by any weather condi- 
tion except temperature. Furthermore, the effect of the disease 
is to restrict the circulation of sap in the canes. The death of the 
cane at the point of attack hinders the passage of water to the 
parts above and the leaves wilt from lack of it. It stands to 
reason that when the soil is full of water the leaves on affected 
canes would be able to hold out longer than in times of drought, 
when even unaffected plants have difficulty in getting water 
enough to maintain life. Since the requirements of the raspberry 
plant for water are greatest when the fruit is ripening, that is the 
time when the strangling effect of the disease may be expected 
to do the most damage. 

Reasoning from what has just been said, it seems probable that 
cane blight will be most destructive when a warm, wet summer 
and autumn, suitable to infection, are followed by a warm spring 
and drought in July when the fruit is ripening; and, vice versa, 
the disease will be least destructive when a dry, cool summer 
and autumn are followed by a cool spring and wet July. Ifa 
part of the infection occurs in spring —a point not definitely 
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determined — the virulence of the disease would be increased by 
wet weather in April and May. 

Raspberry plantations have to be renewed frequently. After 
three to five crops have been harvested it is a common practice 
to dig out the plants and start a new plantation. As a rule, old 
plantations are unproductive, but just why this is so is not clear. 
With black caps renewal is often necessitated by the increasing 
virulence of anthracnose (Gloeosporium venetum) and red rust 
(Caeoma nitens). Our observations lead us to believe that cane 
blight is often partly responsible for the early decline in produc- 
tivity of both red and black raspberry plantations. 

Nearly all varieties of raspberries are more or less affected by 
cane blight, but some are more susceptible to attack than others. 
Of the varieties extensively grown, Cuthbert probably suffers 
most of all. Marlboro, too, is much subject to the disease. 
Ohio, Gregg and Kansas are much affected, while Columbian, 
although not entirely exempt, is notably resistant to the disease. 
In the Station plantation the varieties Superlative, I. X. L. and 
Pride of Geneva have shown themselves particularly liable to 
attack. The wild red raspberry, Rubus strigosus, is often 
attacked. 

Some of the canning factories complain that the supply of 
Cuthbert raspberries is not equal to the demand. Fruit growers 
explain this by saying that “the Cuthbert has such a tendency 
to dry up at fruiting time that it cannot be depended upon.” 
Consequently, many who formerly grew Cuthbert are now plant- 
ing Columbian, which is more productive but inferior in quality. 
We are of the opinion that this “tendency to dry up at fruiting 
time’ is largely due to attacks of cane blight. 

The cultivated dewberry is, perhaps, also affected by cane 
blight. At Portland, N.Y., in June, 1900, we saw canes of 
Lucretia dewberry wilting like raspberry canes attacked by cane 
blight, and at the base of the wilted portion a short section of 
cane was dead and covered with Coniothyrium as on raspberry 
canes. The resemblance to raspberry cane blight was so striking 
that we have not yet abandoned the idea that the raspberry 
Coniothyrium is parasitic on dewberry canes, although an inoc- 
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ulation experiment at Highland gave negative results. (See 
page 118.) 

During the past four seasons the writers have had under obser- 
vation a diseased dewberry plantation! at Highland, N. Y. Each 
Season this plantation has been seriously injured by a disease, 
the exact nature of which we have been unable to determine. 
In 1900 the crop was a complete failure. The fruiting canes, 
wholly or in part, wilt and die as in raspberry cane blight; and 
the seat, of the trouble seems to be located in a dead and dis- 
colored section of the cane. Such discolored sections showed no 
fungus on June 21, 1899, but on July 27, 1900, they were thickly 
covered with Coniothyrium and the wood at this point was 
brittle. Coniothyrium was also found on affected canes on June 
27, 1901, and on June 4, 1902. Observations made in 1901 indi- 
cate that part of the trouble was due to winter injury and a part 
to some other cause. Suspicion points to Coniothyrium as this 
other cause. 

One fruit grower claims to have seen a blackberry disease sim- 
ilar to the raspberry cane blight, but the writers have never seen 
anything to indicate that the disease attacks blackberries. In 
one instance a species of Coniothyrium was found on dead black- 
berry canes, but from the size of its spores and habit of growth 
on culture media it is evident that it was a different species than 
the raspberry Coniothyrium. (Compare Figs. 7 and 8, Plate X.) 
An attempt to inoculate blackberry canes with raspberry 
Coniothyrium failed. (See page 117.) 


CAUSED BY A FUNGUS. 


From the time of the first discovery of the disease at Coxsackie, 
N. Y., June 1, 1899, a Spheropsideous fungus with small, round- 
ish or elliptical brownish spores borne in pycnidia was suspected 
of being the cause. Every additional observation strengthened 
this suspicion until finally the evidence seemed so conclusive as 
scarcely to need the support of inoculation experiments. The 
fungus, a species of Coniothyrium, was constantly associated with 
the disease and nearly always in such a manner as to point plainly 


This is the plantation mentioned in’ Bul. 167_of this Station, page 294. 
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to it as the cause. Whenever a portion of a cane was killed it 
was easy to locate the seat of the trouble in a short section of 
the cane at the base of the wilted portion. At this point the 
cane was dead and discolored, and microscopic examination in- 
variably revealed the presence of the Coniothyrium in abundance. 
By the time the leaves were fully wilted, and oftentimes earlier, 
the Coniothyrium could be depended upon to show its pyenidia 
filled with multitudes of ripe spores. In many cases the spores 
were expelled from the pycnidia and formed brownish: or slate- 
colored patches on the dead bark. Sometimes large portions 
of the dead and dying canes would be smutty with masses of the 
exuded spores. 

While divers other fungi were frequently associated with the 
Coniothyrium on diseased canes, no fungus except Coniothyrium 
was constantly present. Not only was Coniothyrium always 
found on diseased canes, but it was always absent from perfectly 
healthy ones; and whenever the pycnidia of Coniothyrium were 
found the bark was dead and the wood underneath discolored. 


IDENTITY OF THE FUNGUS. 


In our first published account? of cane blight the causal fungus 
was referred to the genus Phoma. This was manifestly an error 
inasmuch as the spores have a decidedly brownish tinge. The 
genera Phoma and Coniothyriwm differ only in the color of the 
spores, the former having hyaline spores and the latter colored 
spores. Seen singly, the spores of the cane blight fungus have 
a slightly brownish tinge and in mass the brown color becomes 
pronounced. It is plain that the fungus belongs to the genus 
Coniothyrium rather than to Phoma. This correction has already 
been made in Bulletin 191 of this Station, page 330. 

Although the writers are not yet prepared to make a positive 
statement as to the specific name of the fungus it seems probable 
that it is Coniothyrium fuckelii Sace. According to Saccardo, 
O.. fuckelii occurs on the bark of dead and dying branches of 
Rubus, Ampelopsis, Tecoma, Rosa, Robinia, Berberis and Helian- 
themum, and on the leaves of Citrus. On these different hosts the 


2Bul. 167 of this Station, pp. 305-307. 
3Saccardo, P. A. Syll. Fung. 3:306. 
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‘size and shape of the spores vary somewhat. On Rubus, the 
spores are said to be globose with a diameter of 3 to 44. The 
spores of the cane blight Coniothyrium have, approximately, these 
dimensions and their usual form may be properly described as 
globose, although many of the spores might be called ellipsoidal. 
(Plate X, Fig. 7.) 

We have not had the opportunity of examining authentic speci- 
mens of C. fuckelit on Rubus or, in fact, on any of its hosts except 
Tecoma radicans, the trumpet creeper. Through the kindness of 
Dr. W. G. Farlow we have been able to examine a fragment of 
a specimen on 7’. radicans collected by Saccardo. In this speci- 
men the spores are considerably longer than broad and nearly 
hyaline. They are decideuly different from the spores of the 
cane blight Coniothyrium; but C. fuckelii, as described, is a vari- 
able species and it may be that our fungus belongs here notwith- 
standing. 

INOCULATION EXPERIMENTS. 

General statement.— Inoculation experiments with ure cul- 
tures have been made on new canes and fruiting canes of both 
red and black raspberries and the new canes of dewberry and 
blackberry. The inoculation has been done in divers ways with 
cultures from three different sources. These experiments will 
now be described in detail and in chronological order. 

Experiment No. 1.— Date of inoculation, July 18, 1900. Five 
new canes of red raspberry (variety, Pride of Geneva) were inoc- 
ulated in the following manner: About one foot below the tip of 
the cane the bark was slightly abraded with a flamed scalpel. 
On the wound thus made there was placed a bit of the Coniothy- 
rium from a pure culture originally isolated in 1899. The culture 
used for inoculation was a mixture of two cultures—one forty-six 
days old and containing multitudes of spores, and the other six 
days old, without spores. The final operation consisted in cover- 
ing the wound with grafting wax which was wound closely about 
the cane in such manner as to exclude the air and foreign organ- 
isms. (See Plate VII.) 

On September 18, two months after inoculation, it was found 
that on all five canes the leaves about the point of inoculation 
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were either wilted or dried up. For a short distance, both above 
and below the wax, the bark was dead and brown and the wood 
discolored. In every case the dead bark in the vicinity of the 
wax (both above and below it) was covered with Coniothyrium 
pycnidia containing mature spores. One cane, broken accident- 
ally, was very brittle at the point of inoculation as is the case with 
affected canes in nature. Although this experiment had no check 
the results indicated that the Coniothyriwm is parasitic. 


Haperiment No. 2.— Date of inoculation, July 18, 1900. Four 
new unbranched canes of black raspberry (variety, Mohler) in- 
oculated, as in Experiment No. 1, by abrading the bark, applying 
fungus and winding with grafting wax. Two other canes of the 
same variety but considerably branched were inoculated in a 
freshly cut stub, such as is commonly left in “ heading back ” the 
canes. The stub was covered with grafting wax. The fungus 
culture used was the same as that used in Experiment No. 1. | 
There were no checks. 

On October 1, 1900, two of the unbranched canes were dead 
and the other two had prominent scars at the point of inoculation. 
Whether these two canes were killed by Coniothyrium is un- 
certain. One showed an abundance of Coniothyrium, both above 
and below the wax, but on the other there was no sign of 
Coniothyrium. At this date the two branched canes inoculated 
in the stub were beginning to show the effects of inoculation. On 
one, the uppermost branch was already involved. 

The last observations were made July 8, 1901, at which date 
one of the two remaining unbranched canes was nearly dead 
while the other was alive and apparently little harmed by inocu- 
lation. The dying cane showed an abundance of Coniothyrium 
pycnidia scattered along one side for a distance of several inches 
below the point of inoculation. One of the two branched canes 
inoculated in the stub was dying in the upper portion although 
it bore a fair crop of fruit. Two of the upper branches were 
dead. The fungus had worked down the cane about five inches 
from the point of inoculation and pycnidia were plentiful. The 
condition of the other branched cane was unchanged since the 
preceding October. It was uninjured. 
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In this experiment the symptoms of the inoculated plants were 
like those of naturally infected plants, but the progress of the 
disease was slow. It may be that Mohler is more resistant than 
some other varieties. 


Eaperiment No. 3.—- Date of inoculation, June 8, 1901. Five 
new canes of red raspberry (variety, Pride of Geneva) were inoc- 
ulated with a month-old culture, the source of which was isolated 
May 1, 1901, from black raspberry. The canes, which were 24 
to 30 inches high, were inoculated 6 to 8 inches below the tip 
by abrading the bark, applying a bit of fungus and winding the 
whole with grafting wax as in Experiment No. 1. Five check 
eanes were abraded and wound with wax in the same manner 
but without application of the fungus. 

On August 28 four of the inoculated canes showed more or 
less discoloration around the wax while the remaining cane 
seemed normal. None of these canes showed any wilted foliage. 
At the same date three of the checks were free from all signs of 
infection, but the other two had pronounced discoloration of the 
bark around the wax as on the inoculated canes. Thinking that 
the checks had become naturally infected by the fungus, which 
was very common among the plants of this variety, the experi- 
ment was abandoned and no further observations were made. 
Consequently, the ultimate results are not known and the experi- 
ment teaches nothing except that variable results from inoculation 
are to be expected. In 1901 new canes of this variety, inoculated 
in the same manner, were dead within two months after inocu- 
lation. (See Experiment No. 1, page 115.) 

EHaperiment No. 4.— Date of inoculation, June 8, 1901. Five 
new canes of blackberry (variety, Taylor) were inoculated in the 
same manner and with the same culture as that used on red rasp- 
berry in Experiment No. 38. The canes were about 30 inches 
high and inoculated 6 to 8 inches below the tip. There were 
five checks. | 

On August 28 there was no discoloration of the bark around 
the wax and no other evidence that the inoculation had had any 
effect whatever. 
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EKaperiment No. 5.-— Date of inoculation, June 18, 1901. Ten 
new canes of Lucretia dewberry were inoculated with a fourteen- 
day-old culture descended from the culture used in Hxperiment 
No. 3. Six to eight inches below the tip the canes were slightly 
abraded, a drop of water placed on the wound, then the fungus 
applied and the cane wound with grafting wax in the customary 
manner. There were ten checks. 

On September 12, 1901, there were no signs that inoculation 
had had any effect. Final observations were made on May 8, 
1902, at which time all ten checks and nine of the inoculated 
canes were found to have been winter killed, with no sign of 
Coniothyrium about them. However, the tenth inoculated cane, 
although alive both above and below the wax, was partially dead 
at the point of inoculation and covered with Coniothyriwm 
pycnidia underneath the wax. It appeared as if infection may 
have occurred on this cane. 


Experiment No. 6.— Date of inoculation, June 14, 1901. Ten 
new canes of red raspberry (variety, Coutant No. 1) were inocu- 
lated 6 to 8 inches below the tip with the same culture used in 
Experiment No. 5. The fungus was producing spores abund- 
antly. The method of inoculation was by abrasion of the bark, 
application of a drop of water and a bit of fungus and the whole 
covered with grafting wax. The canes were 26 to 30 inches 
high. There were ten checks. 

On September 2, 1901, all of the inoculated canes (except one 
broken by the wind July 10) and all of the checks were alive and 
apparently little worse for inoculation. There was only a little 
discoloration of the bark around the wax but the canes were 
somewhat enlarged and cankers were forming. 

On May 7, 1902, only three of the inoculated canes were alive 
above the wax and these were badly cankered. Four had 
broken off at the point of inoculation and the tops had disap- 
peared. One other cane was all dead above the wax, with 
Coniothyrium pycnidia, and one had been broken, accidentiaily, 
eight inches below the wax. The tenth cane had been broken 
by wind the previous July. At this date nine of the checks 
were alive and apparently normal except fer being somewhat 
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enlarged under the wax and flattened on the side abraded. The 
remaining cane was all dead above the wax with a pronounced 
enlargement and canker at the wax. 

In a hasty examination made May 29, 1902, all of the inocu- 
lated canes were found to be dead above the wax, while at least 
eight of the checks were still alive. 

Vinal observations made July 25, 1902, showed the condition 
of the checks to be as follows: 4 alive throughout, 4 dead 
throughout, 1 dying and 1 dead above the wax. 

The results of this experiment are unsatisfactory and difficult 
to interpret. The fact that the inoculated canes all died before 
June 1, while at least eight of the checks were yet alive, indi- 
cates that inoculation had some effect. The tendency of the 
‘inoculated canes to break at the point of inoculation is to be 
ascribed to brittleness induced by the attack of the fungus, as 
is conspicuously the case with plants naturally infected. 


Haperiment No. 7.— Date of inoculation, June 14, 1901. Ten 
new canes of red raspberry (variety, Coutant No. 1) were inocu- 
lated near the base with the same culture used in Experiments 
5 and 6. In all preceding experiments the inoculations had 
been made well up toward the top of the canes. It was now 
desired to learn what would happen if canes were inoculated 
near the base. Accordingly, in this experiment the bark four 
or five inches above the surface of the soil was abraded, then a 
drop of water and bit of fungus applied and the cane wound 
with grafting wax as usual. There were ten checks. 

Within a month after inoculation both the inoculated canes 
and checks began to show a bluish-black discoloration of the 
bark above and below the wax. By September 2 all of the 
inoculated canes were much discolored around the wax. They 
were also considerably enlarged and badly scarred on the inocu- 
lated side. The checks were in practically the same condition. 

The following spring, on May 7, 1902, the checks were all still 
alive and standing, while among the inoculated canes only five 
were alive, and of these two were broken at the base. The 
other five had been broken in the process of laying the canes 
down for winter. 
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Between May 7, and July 25, 1902, three check canes died and 
one was lost, leaving only six alive at the latter date. During 
the same period the condition of the five living inoculated canes 
remained unchanged. 

Here, as in Experiment 6, the brittleness of the inoculated 
canes at the point of inoculation is to be regarded as evidence 
that infection occurred. It is not strange that the checks 
became discolored around the wax. At the time of making the 
inoculations there was considerable dirt on the canes near the 
ground. The canes being thickly beset with prickles it was 
next to impossible to wash them with disinfecting solutions, 
and it was not attempted. It is probable that spores of 
Spherella rubina (see page 129) and perhaps also those of 
Coniothyrium got into the wounds and caused the discoloration 
of the check canes. According to the writer’s observations, 
grafting wax wound about the canes, as in these experiments, 
causes, at most, only a slight discoloration of the bark and 
usually no discoloration whatever. 


Hzxperiment No. 8.— Date of inoculation, May 17, 1902. This 
experiment was designed to furnish information on the follow- 
ing points: (1) Is it possible to produce infection by inoculation 
during the spring of the second season’s growth; that is, on 
fruiting canes? (2) Can infection be brought about more 
readily by making a puncture passing through the pith than by 
simply abrading the bark as in all previous experiments? (3) Is 
it necessary to use grafting wax to cover the wounds? 

Twenty-five fruiting canes of the variety Cuthbert were 
selected for the experiment. At the point selected for inocula- 
tion, about one foot below the tip, each cane was first thor- 
oughly washed with a 1-1000 solution of corrosive sublimate te 
remove any fungus spores lurking there. 

Five canes were abraded with a flamed scalpel, a drop of dis- 
tilled water and a bit of fungus applied to the wound and the 
cane wound with grafting wax. Five checks were treated in 
the same way except that the fungus was omitted. 

Five other canes were bored through with a sterilized awl, a 
bit of fungus crowded into the hole, a drop of distilled water 
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applied and the cane wound with grafting wax. There were 
also five checks to this part of the experiment. 

Winally, five other canes were inoculated by puncturing with 
an awl and applying fungus and distilled water, but the canes 
were not wound with wax. 

The fungus used throughout this experiment consisted of a 
mixture of two cultures, one of which was twelve days old and 
the other fifty days. It was descended from the fungus used in 
Experiments 3-7 inclusive, and was originally isolated May 1, 
1901. 

On August 8, 1902, all 25 canes in the experiment were cut 
and each one carefully examined. Of the five canes inoculated 
by abrasion four were dead from the wax up and covered with 
Coniothyrium pycnidia around the wax, both above and below 
it. The bark was dead and the wood discolored from two to 
three inches below the point of inoculation. The fifth cane was 
alive, but at the point of inoculation the wood was discolored 
and bore Coniothyriwm pycnidia. Of the five checks belonging 
to this part of the experiment four were alive and green with 
no discoloration of the bark or wood anywhere, and with no 
sign of Coniothyriwm. The remaining check was still alive, 
but had a pronounced discoloration of the bark and wood each 
side of the wax and an abundance of Coniothyrium was present. 
In some way it had become infected. 

Of the five canes inoculated in a puncture covered with wax 
every one showed an abundance of Coniothyrium pycnidia in the 
vicinity of the wax. Four were dead and broken at the point 
ef inoculation, while the fifth one, although still alive, had the 
bark dead and wood discolored one-half way around the cane 
for a distance of four inches above and two inches below the 
wax and thickly covered with Coniothyriuwm pycnidia. This 
eane was considerably larger than the other four, which prob- 
ably explains its greater resistance to the disease. The five 
ehecks belonging to this part of the experiment were all alive 
and green with no discoloration of the bark or wood around the 
puncture in any case and none of the canes were broken. 

Of the five canes inoculated in punctures, which were not 
eovered with wax, every one showed an abundance of Coniothy- 
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rium around the point of inoculation. Two were still living, but 
the bark and wood on both sides of the wax was discolored and 
one cane was partly broken off. The other three canes were 
dead from a point three inches below the wax to the tip and 
two of them were broken at the point of inoculation. This ex- 
periment was highly satisfactory, and, of itself, proves beyond 
doubt that the Coniothyrium is capable of killing raspberry 
canes. 


Experiment No. 9.— Date of inoculation, June 3, 1902. Five 
fruiting canes of red raspberry (variety, Cuthbert) were inocu- 
lated at a point 12 to 18 inches below the tip by first washing 
the cane with a 1-1000 corrosive sublimate solution, then boring 
clear through the cane with a sterilized awl, crowding a bit of 
fungus into the hole, applying a drop of distilled water and 
finally winding the cane with grafting wax in the customary 
manner. The culture used was 19 days old and originally 
isolated May 15, 1902; hence it was different from that used in 
any of the preceding experiments. Five check canes were 
treated in identically the same manner except for the omission 
of the fungus. 

On August 8, a little over two months after inoculation, all 
ten canes were cut and examined. The five inoculated canes 
were all dead from a point two to four inches below the wax to 
the tip of the cane. For a short distance on either side of the 
wax the dead bark was thickly covered with Coniothyriwm 
pycnidia in every case. Three of the canes were broken at the 
point of inoculation. 

At the same time the five checks were alive and green 
throughout, none broken and none showing discoloration of the 
bark or wood around the puncture. 


Experiment No. 10.— Date of inoculation, June 5, 1902. Five 
fruiting canes of black raspberry (variety, Bishop) inoculated 
10 to 12 inches below the tip by puncturing the cane with a 
sterilized awl, inserting a bit of fungus in the hole and winding 
the cane with grafting wax. The culture was 21 days old and 
of the same strain as that used in Experiment No. 9. Three 
checks were made. 
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The eight canes were cut and examined August 9, 1902. Of 
the five inoculated canes three were dead from the wax up, and 
showed an abundance of Coniothyrium pycnidia on either side 
of the wax. The other two inoculated canes were still alive 
at the top, but on both there was much discoloration of bark 
and wood, and plenty of Coniothyriwn pycnidia in the vicinity 
‘of the wax. On one, this discoloration extended half way 
around the cane and to a distance of three inches below the 
wax, while on the other it extended two inches above and one 
inch below. In both cases it was plain that the fungus had 
attacked the canes. 

On the same date all three checks were alive and green to the 
top. On two of them the bark was green under the wax and 
not the least bit discolored, but the third showed a slight dis- 
coloration in the immediate vicinity of the puncture. However, 
no Coniothyrwm could be found. 


Haperiment No. 11.— Date of inoculation, June 6, 1902. Ten 
new canes of red raspberry (variety, Cuthbert) 20 to 30 inches 
high were inoculated about 8 inches below the tip as follows: 
The cane was first washed with a 1-1000 corrosive sublimate 
solution, then bored through with a sterilized platinum needle, a 
bit of fungus crowded into the hole thus made, a drop of dis- 
tilled water applied and the whole wound with grafting wax. 
The fungus used was of the same strain as that used in Experi- 
ments 9 and 10. Five checks were made. 

On August 8 five of the inoculated canes were all dead above 
the wax and about one inch below it. The tops of two of these 
were lost, but the stubs showed an abundance of Coniothyrium 
pycnidia; and the other three were covered with Coniothyriu 
for an inch above and an inch below the wax. The remaining 
five inoculated canes were still alive at the top, but all had 
cankers at the point of inoculation, three of them being bad and 
one showing Coniothyrium pycnidia under the wax. These five 
canes were considerably enlarged and the bark and wood dis- 
colored at the point of inoculation. Thus, on six of the inocu- 
lated canes there was undoubted Coniothyriwm. infection, and 
on the other four there was some evidence of it, although no 
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Coniothyrium pycnidia could be detected. These ten canes are 
shown in Plate VIII. 

On the same date one of the check canes was found to have 
been killed by a borer, but the other four were alive clear to the 
top. The only thing abnormal about them was a slight dis- 
coloration of the outer layer of bark under the wax. In no case 
was the wood discolored and no Coniothyrium was found. 


Remarks.—Experiment No. 5 was conducted at Highland, N. Y.; 
Nos. 6 and 7 at Milton, N. Y.; and all of the others on the 
Station farm at Geneva. Nos. 8, 9 and 11 are the most trust- 
worthy because they were conducted in a small, isolated planta- 
tion which was, apparently, entirely unaffected by cane blight. 
Also, the inoculations were made with especial care. 


Interpretation of the results— These experiments prove con- 
clusively that the raspberry Coniothyrium is parasitic on rasp- 
berry canes (both black and red varieties) and the cause of cane 
blight. It will attack new canes as well as fruiting canes, but 
seems somewhat more active on the latter. Although the ex- 
periments on blackberry and dewherry gave negative results it 
should not be considered proven that the fungus is incapable 
of attacking these plants, for the reason that there was but a 
Single experiment in each case. 

Both old and new canes may be expected to succumb to the 
disease within two months after inoculation, and Coniothyrim 
pycnidia with mature spores may be produced in abundance dur- 
ing the same period. 


TIME AND MANNER OF NATURAL INFECTION. 


Although new canes are rarely killed by cane blight during the 
first season of their growth this does occasionally happen, and 
there is also other evidence to show that infection occurs on new 
canes. On August 28, 1901, the writers observed a stool of black 
raspberry in which several of the new canes were wilting and 
dying. Upon examination it was found that at the very base of 
the dying canes the bark and wood were dead and brown and 
bearing Coniothyrium pycnidia. This occurred on the Station 
grounds at Geneva and appeared to be a case in which cane blight 
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was killing new canes. On September 19, 1900, new canes of 
black raspberry which had been “ headed back ” some time during 
the summer showed mature Coniothyrium pycnidia on the dead 
stubs. 

At one time it was thought that the early stage of cane blight 
had been discovered in the bluish-black areas found on new canes 
of red raspberries in autumn. It is now known that these dis- 
colored areas are due to another cause. (See page 128.) 

In spring, as the leaves are unfolding, one may occasionally 
find canes already affected with cane blight in a stage so far 
advanced as to make it certain that they were infected the pre 
vious season. For example, on May 5, 1902, a vigorous cane of the 
variety Conrath was found to be affected with cane blight at a 
point about a foot below the tip. Here the bark and wood were 
discolored over an area three-fourths of an inch long and one- 
four inch wide and there were numerous pycnidia of Coniothy- 
rium filled with ripe spores. This cane must have been infected 
the previous season. 

On May 8, 1902, a plantation of the variety Kansas was exam- 
ined at Poughkeepsie. It was observed that some canes were 
either dead or putting out leaves very sparingly, indicating that 
something was wrong. In the majority of such cases it was 
possible to trace the cause of the trouble to a dead area some- 
where on the cane and this dead area showed many pycnidia of 
Coniothyrium. These infections could not possibly have occurred 
in the spring of 1902; they must have occurred in 1901 on the 
new canes. 

In several other instances well advanced cases of infection, with 
mature spores of Coniothyrium present, have been observed during 
the first week in May. In 1900 a plantation in Ulster County 
was quite seriously affected as early as May 24. There can be 
no doubt that part of the infection, at least, occurs on new canes. 

On the other hand, there are. some reasons for believing that 
infection may also occur on the fruiting canes in the spring. In 
general, it is difficult to locate affected canes before the appear- 
ance of the leaves. On May 1 it may be difficult to find Coniothy- 
rium pyenidia in plantations in which, by July 1, the fungus oc- 
curs abundantly on almost every cane. If infection occurs only 
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on new canes it seems scarcely possible that the canes could be so 
generally infected and not show it in the early spring. Inoecula- 
tion experiments Nos. 8 and 9 (pages 120-122) show that the 
fungus grows readily in fruiting canes and kills them when arti- 
ficially inoculated as late as June 3 and under conditions such as 
might easily occur in nature; that is, in uncovered wounds. 
However, the results of the spraying experiment at Charlotte 
(page 132) tend to show that infection does not occur on fruiting 
canes. This question must still be considered an open one. 

As to the manner of natural infection it may be said that it | 
often occurs in wounds of various kinds. <A careful examination 
of an affected plantation will reveal the fact that in a large per- 
centage of cases there is some break in the epidermis of the cane 
at the point of attack. With black caps, the disease very fre- 
quently starts in the dead stubs which result from the “ heading 
back” of the young canes. As the disease works downward the 
lateral branches are killed one after another. Some fruit growers 
have attributed this form of cane blight to a green bee which 
is often found burrowing in the dead stubs during May and June. 
Frequently, the dead stubs have a hole in the top and upon 
splitting open such canes the burrow is found to extend down- 
ward from one to four inches and contain one or more green bees 
about one-fourth of an inch in length. This insect is the carpen- 
ter bee, Ceratina dupla,‘ and is harmless, inasmuch as it bores only 
in dead wood. It is found, also, in the stubs of blackberry canes. 

Cane blight often starts in wounds made by the “ heading 
back ” of new canes, by the removal of branches, by the rubbing 
of canes against each other or against supporting wires, and par- 
ticularly in crotches where the branches are more or less split 
apart and in wounds made by the snowy tree cricket, Oecanthus 
niveus, during oviposition. The snowy tree cricket forces its 
ovipositor into the cane in such a manner as to kill the tissues 
and cause the cane to split. The wounds thus made furnish a 
lodging place for Coniothyrium spores and also for water neces- 
sary to the germination of the spores, making the condition excep- 
tionally favorable for infection. That infection does actually oc- 
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cur in snowy tree cricket wounds is shown by the large number 
of instances in which the cane is covered with Coniothyrium 
pycnidia in the vicinity of the wounds, usually just below them. 
The well known tendency of cricket-injured canes to break at the 
point of attack is probably due, in part, to brittleness induced by 
the Coniothyrium. It appears that the injury done by the snowy 
tree cricket is often much aggravated by the cane blight fungus. 

In some eases Coniothyrium takes possession of the discolored 
areas caused by Sphaerelia rubina, but this is not the rule. 

While Coniothyrium often takes advantage of wounds as de- 
scribed above it is by no means certain that it should be classed 
as a wound parasite. Although not definitely proven by inocu- 
lation experiments there is considerable evidence that the fungus 
is capable of penetrating the unbroken epidermis of raspberry 
canes. It is often found attacking uninjured canes where the 
bark is smooth and the epidermis seemingly intact except as it 
is rupteured by the Coniothyrium pycnidia themselves. 


MODE OF DISSEMINATION. 


For the successful application of preventive measures an accu- 
rate knowledge of the mode of dissemination of the fungus is 
essential. It is in the highest degree important to know the 
means by which the fungus is spread from plant to plant, from 
one plantation to another and into new localities. It must be 
admitted that our knowledge of this subject is very incomplete. 
However, some things are known. 

There can be no doubt that the disease is widely disseminated 
by means of infested nursery stock. Plants taken from badly 
diseased plantations are fairly certain to carry the disease with 
them, on the piece of attached cane or on the dirt about the roots. 
It is not necessary to assume that every plant is affected at the 
beginning. If a few plants here and there carry the disease with 
them it gradually spreads to other plants in the plantation in 
various ways. 

Wind and dashing rains drive the spores from cane to cane, 
and by the washing of the soil, spores may be carried to other 
parts of the plantation or even to neighboring plantations. Birds 
and insects probably carry the spores to a limited extent. The 
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disease must be spread by pickers while gathering the fruit; aiso 
in pruning and in cutting out the old canes; and particularly in 
the process of laying down and covering the canes with soil to 
protect them from winter injury. Cultivation, too, tends to 
spread the disease. 

The fungus can live on dead and decaying raspberry canes, 
and fragments of diseased canes lying on the ground are no doubt 
a prolific source of infection. How long the fungus can live on 
decaying material is not known. Another important point on 
which there is as yet very little accurate information is the rela- 
tion of the fungus to plants other than the raspberry. If it lives 
on a variety of other woody plants, as suggested by Saccardo 
(see page 114), such plants must serve to assist its dissemination. 

All of the evidence at hand tends to show that the fungus does 
— not travel any considerable distance except on infested plants. 


RELATION OF CANE BLIGHT TO THE DISCOLORED AREAS ON RED 


RASPBERRY CANES. 


During August and September the new canes of red raspberries 
often show brown or bluish-black areas one to four inches long 
and extending one-half to two-thirds or more of the way around 
the cane. (See Plate IX, Fig. 1.) These discolored areas are 
conspicuous and sharply defined. The discoloration is only in 
the bark and never extends to the sapwood. The cane is but 
slightly if at all constricted and, until the following spring, there 
is usually no evidence of any fungus in the fruiting stage. A 
single cane may bear from one to several such areas which may 
be located anywhere on the cane, but occur most commonly on 
the lower portion. These discolored areas are exceedingly com- 
mon on many varieties of red raspberries (Rubus strigosus and 
R. ideus) and have been found also on the purple variety Shaffer 
(R. neglectus), but have never been observed on any of the black 
varieties (Rk. occidentalis). The health of the affected canes does 
not seem to be impaired. 

At one time this discoloration was believed to be the early 
stage of cane blight,® but it has now been determined that they 
are due to an entirely different cause. 


5 See Bul. 191 of this Station, page 350. 
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During the winter the dark discoloration gradually changes to 
a light gray and the areas become indefinite in outline and more 
difficult to locate. (Plate IX, Figs. 2-4.) In April they are 
found to be thickly studded with small black perithecia, the 
numerous asci of which each contain eight two-celled hyaline 
spores disposed in uniseriate or subbiseriate fashion. (Plates IX 
and X.) By May 1 the entire lower portion of many canes is 
light gray in color and thickly covered with the perithecia. Still 
there is no discoloration of the wood underneath and no other 
indication of injury to the canes. 

Some canes affected in this way were marked and watched for 
about three months to ascertain if they became affected with cane 
blight later. On May 2, 1902, ten affected canes of the variety 
Carleton were selected and labeled. Care was taken to select 
canes en which the affected areas were well defined. From each, 
a bit of bark was taken and examined with the microscope to 
make sure that the fungus present on the gray areas (formerly 
bluish-black) was the pyrenomycete above mentioned. On August 
7, 1902, the ten canes were cut and carefully examined. All were 
either dead or dying, but in every case the cause was traced to a 
Coniothyrium infection at some other point on the cane, usually 
higher up. In two cases the Coniothyriwm had made its attack 
just above the gray area and here the Coniothyriwm pycnidia 
were intermingled with the perithecia of the pyrenomycete. It 
was plain that the gray areas were not the seat of the trouble 
and that the pyrenomycete was not succeeded by Coniothyrium. 
This view is supported by numerous other observations and we 
think that it may be accepted as an established fact that the 
discolored areas, which are bluish-black or brown on new canes 
and light gray and inhabited by the pyrenomycete the following 
spring, do not represent the early stage of cane blight; also, 
that this pyrenomycete and Coniothyrium are two entirely dis: 
tinct fungi. In April and May it is sometimes difficult to dis- 
tinguish, without microscopic examination, Coniothyrium infec- 
tions from the gray areas inhabited by the pyrenomycete. The 
color of the bark is similar, but if the Coniothyrium has expelled 


its spores it may be recognized by the smoke-colored smuttiness 
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at the point of attack. In general, the matter may be decided at 
once by cutting into the cane with a knife. If the wood is dis- 
colored it is almost certain to be Coniothyrium. If the wood is 
not discolored it is most likely to be the pyrenomycete, although 
Coniothyriun will occasionally occur sparingly where there is 
Searcely any discoloration of the wood. To the unaided eye the 
Conothyrium pycnidia are practically indistinguishable from the 
perithecia of the pyrenomycete. 

The pyrenomycete under discussion appears to be Spherella 
rubina Pk. described by Peck in the Forty-eighth Annual Report 
of the New York State Museum, Part I, page 114. The descrip- 
tion reads as follows: 

“Spherella rubina n. sp. Perithecia minute, .007 to .009 in. 
broad, commonly gregarious, sometimes forming extended patches, 
submembraneous, obscurely papillate, pertuse, subglobose or 
depressed, at first covered by the epidermis, becoming superficial 
when the epidermis falls away, black; asci cylindrical, subsessile, 
.903 to .0035 in. long, .00045 to .0005 broad; spores uniseriate or 
subbiseriate, oblong, obtuse, uniseptate, generally constricted in 
the middle, hyaline, .0006 in. long, .00024 to .0008 broad, the 
upper cell often a little larger than the lower. 

“Stems of cultivated raspberries.. Menands. April and May. 

“This species is injurious to the plants it attacks. The affected 
plants either die from the disease or are so weakened by it that 
they are winter-killed wholly or in part. Generally the epidermis 
is whitened over the patches of the fungus, but sometimes brown 
spots indicate the presence and location of the fungus. The 
mycelium consists of brown septate filaments. From Didymella 
applanata, which this fungus resembles in some respects, it is 
separated by the absence of paraphyses.” 

With the writers it is an open question whether paraphyses are 
present or absent, and we must take exception to the statement 
that the Spherella is injurious to the canes on which it occurs. 
We have seen good crops of fruit produced in plantations in 
which almost every cane bore more or less of the Spherella the 
preceding spring. Its seeming injurious effect is due to the 
fact that it occurs most abundantly on red varieties which are 
especially liable to winter injury and to attack by cane blight. 
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Under the microscope, the perithecia quite generally show a 
conspicuous light-colored, circular area at the center, as shown 
in Fig. 1, Plate X. This is the ostiolum. When the perithecia 
are crushed under a cover glass the asci come out clinging to- 
gether at their bases. They have the shape of a banana and in 
clusters resemble the banana clusters of six to twelve fruits each 
offered for sale by fruit venders. They cling together tenaciously. 
Mature spores may be found in abundance by May 1 and at 
Milton, N. Y., we have found them as early as April 8; but, in 
general, during the month of April the perithecia contain asci 
which are mostly without spores. According to our measure- > 
ments the asci are 60 to 70 » long by 10144 » wide, and the spores 
14 to 19 » long by 514 to 8% » wide. (For the superior cell.) 

Several unsuccessful attempts have been made to obtain pure 
cultures of Spherella by the dilution method with potato agar. 
Often there is associated with the Spherella, a species of Phoma 
having small, oblong, hyaline spores. (Plate X, Fig. 6.) The 
Phoma and Spherella are so frequently found together as to 
arouse the suspicion that the former may be an immature form 
of the latter. Pure cultures of this Phoma have been obtained 
and grown for several months on sterilized bean stems, raspberry 
canes and plugs of sugar beet, but no indication of Spherella 
perithecia appeared in any of the cultures. 

In 1901 the Station raspberry plantation, containing many vari- 
eties, was carefully watched to ascertain the date of the first 
appearance of the discolored areas on the new canes. They were 
first observed July 8 on the variety Pride of Geneva. In 1902 a 
plantation of the variety Coutant No. 1, at Marlboro, was watched 
for the same purpose. The discolorations were plentiful on July 
22, after two days of almost continuous rain. A few were ob- 
served some days earlier, but on the date mentioned there was 
a general outbreak. 

The writers suspect that the discolored areas discussed above 
and attributed to Spherella rubina are identical with those de- 
scribed in 1891 by Miss Detmers in Ohio Experiment Station 
Bulletin, Vol. IV, No. 6, p. 128. At any rate her descriptien 
answers very well for the trouble under discussion except for 
the leaf symptoms, which may have been due to other causes. 
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Dr. Burrill, to whom Miss Detmers referred the matter, pro- 
nounced it a bacterial disease identical with pear blight. In the 
literature of raspberry disease this article of Miss Detmers has 
been frequently cited, but so far as we know there is no other 
published evidence that the raspberry is subject to a bacterial 
disease. Card’s® illustration of a raspberry cane affected with the 
supposed bacterial disease is a good illustration of the discolored 
areas which we believe to be due to Spherella rubina. 

It appears that raspberry canes in England are affected by a 
disease having similar symptoms. In the Gardener’s Chronicle,' 
an English periodical, an inquiry is answered concerning a rasp- 
berry disease producing black patches on the canes. Mr. George 
Massee is quoted as authority for the statement that the discolored 
patches are caused by a species of Dothidea, probably D. rose. 


SPRAYING EXPERIMENT AT CHARLOTTE. 


In the season of 1901 a Cuthbert raspberry plantation belong- 
ing to Dobson Bros., of Charlotte, N. Y., was injured by cane 
blight to the extent of two-thirds of the crop, as estimated by the 
owners. The writers first became acquainted with the plantation 
on May 21, 1902. At that date it appeared to be in good condi- 
tion; the canes were large and strong and the foliage good. The 
average observer would have said that there was an excellent 
prospect for a heavy crop; but close examination showed that 
many of the canes were already affected with cane blight and 
showing Coniothyrium pycnidia. In fact, canes here and there 
were already partially dead with the disease, and it seemed likely 
that there might be a severe outbreak of it a little later. 

Arrangements were at once made to conduct a spraying experi- 
ment in this plantation to ascertain if the crop of the present 
season could be saved in that way. Of course it was not expected 
that the disease could be checked in canes already infected; but 
it was hoped that the fruiting canes might be protected against 
further infection. 

The plantation contained about 14 acres, consisting of 44 rows 
185 feet long. Twenty-four rows were sprayed and the remaining 


6 Card, F. W. Bush Fruits. Fig. 46. The Mac Millan Co. New York. 1898, 
7 Gardeners’ Chronicle, Third Series, 11:631. 1892. 
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2) left unsprayed for checks. Throughout the plantation strips 
of four sprayed rows alternated with strips of four unsprayed 
rows. | 

Bordeaux mixture of the 1-to-10 formula was applied thor- 
oughly three times, namely, on May 26, June 4 and June 16. 
The spraying outfit used is shown in Plate XI. It was operated 
by two men and a boy. At each spraying about 100 gallons of 
bordeaux mixture were used and the time consumed in making 
and applying it was 54 hours. Since the area sprayed was a 
trifle less than two-thirds of an acre, the bordeaux was applied 
at the rate of about 150 gallons per acre. Both the canes and 
the foliage were sprayed thoroughly, special attention being given 
to the canes. 

From observations made on August 2 it is plain that spraying 
did not check the disease. Apparently, there were as many dead 
‘canes in the sprayed rows as there were in the unsprayed ones. 
In one sprayed row, selected at random, the dead canes were 
counted and found to number 239, while in the adjacent un- 
sprayed row there were but 172. This difference was probably 
accidential, but certainly there was nothing to indicate any benefit 
from spraying. : 

The yield of fruit, likewise, was disappointing. The fruit was 
gathered under the supervision of Dobson Bros., who also kept 
the record of the yield. Between July 14 and August 6 the plan- 
tation was picked over eleven times. The total yield of the 
twenty-four sprayed rows was 4,446 pints or 1854 pints per row. 
The twenty unsprayed rows gave a total yield of 4,070 pints or 
2034 pints per row. Thus the unsprayed rows outyielded the 
sprayed rows by 18} pints per row or about 725 pints per acre. 

As nearly as can be estimated, the loss from cane blight was 
25 per ct. of the crop. Spraying, instead of réducing the amount 
of the loss, apparently increased it. It seems unlikely that this 
difference in yield was accidental. The plantation was unusually 
uniform throughout and such inequalities as existed were mostly 
equalized by the alternation of sprayed with unsprayed rows. 
Assuming that no error was made in keeping the record the only 
way in which the difference could be accounted for is to suppose 
that the blossoms were injured by the spray. At the time of the 
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last spraying, June 16, a good many blossoms were open. The 
foliage was not injured by spraying. 

Since at least a part of the infection occurs on new canes the 
best results from spraying are to be expected where the spraying 
is begun on the new canes and continued on the fruiting canes 
the following spring. Experiments along this line are now in 
progress in the Dobson plantation. After the fruit was gathered 
the sprayed rows were given three more applications of bordeaux 
mixture, and next spring they will be sprayed three or four times 
more before the fruit is large enough to be discolored by the 
bordeaux. 

PREVENTIVE MEASURES. 

Start with healthy plants.— Judging from what is now known 
concerning raspberry cane blight it appears that the first and 
most important, consideration is to secure healthy plants with 
which to start the plantation. Unfortunately, there is no way of 
accurately determining, by an examination of the plants them- 
selves, whether or not they are infested by the disease. Unless 
the planter can personally examine the plantation from which 
the plants are to be taken (and this must be done the summer 
before the plants are needed) he must rely on the honesty of the 
nurseryman or other person who grows the plants. This matter 
is greatly complicated by two things: (1) Cane blight is widely 
distributed — the majority of the raspberry plantations in this 
State eontain more or less of it; (2) the difficulty of correct 
diagnosis. As yet, very few fruit growers are sufficiently ac- 
quainted with cane blight to be able to say positively whether it is 
or is not in their plantations. However, one thoroughly familiar 
with the symptoms can usually make a correct diagnosis without 
resorting to the use of a compound microscope. 

By taking reasonable precautions the planter can usually make 
sure that his plants do not come from badly diseased plantations, 
at least. 

Avoid planting on the site of diseased plantations.— It is 
scarcely necessary to say that it is unwise to set a new plantation 
on land where raspberries have been recently affected by cane 
blight. Probably the fungus survives for a time on and in the 
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soil, but how long is not known. After a severe attack of cane 
blight the land should not be replanted with raspberries for at 
least three years. 





Removal of old canes.— Immediately after the fruit is gath- 
ered, cut out and burn the old canes. The old canes harbor 
the fungus. They are covered with multitudes of Coniothyrium 
spores and if allowed to remain standing in the plantation until 
winter they must be an important source of infection to the new 
canes. It is too much to expect that by prompt removal of the old 
canes cane blight can be entirely controlled, because under favor- 
able weather conditions.it is likely that considerable infection of 
the new canes may occur before the fruit is ripe. However, the 
virulence of the disease may be lessened in this way. 


Spraying.-— Judging from the results of experiments thus far 
made spraying is not a promising line of treatment; and yet, 
theoretically, the disease should be preventable by spraying. The 
chief difficulty seems to be to get the spray mixture to adhere to 
the canes. The new canes are covered with a “bloom” which — 
causes the spray mixture to gather in drops and roll off. If 
spraying is done it should be commenced when the new canes 
are a few inches high and repeated at intervals of two weeks until 
about the middle of September, and again the following spring 
from the bursting of the buds to the setting of the fruit. In 
order to avoid spotting of the fruit and possible injury to the 
blossoms it may be necessary to abandon the spraying for about 
six weeks at fruiting time. It should be remembered that it is 
the canes and not the leaves which need protection. Bordeaux 
mixture is as likely to give good results as any other fungicide. 

Other suggestions.— In setting plants suspected of being in- 
fected with cane blight remove as much as possible of the old 
cane and wash the roots. Destroy wild raspberry plants in the 
immediate vicinity of the plantation, since they may be a source 
of infection. 

Some varieties are more resistant to cane blight than others 
and perhaps this fact may be turned to practical account. It is 
not now possible to give a list showing the relative susceptibility 
of different varieties; but it can be stated that among the varieties 
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commonly grown Cuthbert is one of the most affected and Colum- 
bian one of the least affected. 

It is not always advisable to destroy a plantation because it 
has been seriously injured by cane blight. It may recover suffi- 
ciently to give profitable crops again. Since the disease does 
not attack the roots the new canes are just as vigorous in diseased 
plantations as in healthy ones, and if the weather conditions 
happen to be unfavorable to infection nearly a full crop may be 
obtained from plantations badly diseased the preceding season. 
The writers have known of instances of this kind. 


Il, RASPBERRY YELLOWS. 


The Marlboro red raspberry, a once popular variety, is said by 
fruit growers to be ‘‘running out.” In Ulster County particu- 
larly its culture is said to be no longer profitable; and throughout 
the Hudson Valley one frequently hears of the ravages of the 
“Marlboro disease.” The foliage and fruit dry up — sometimes 
eradually, sometimes suddenly. There has been much specula- 
tion concerning the cause of the trouble. 

According to our observations the so-called Marlboro disease is, 
in reality, two diseases. It is partly cane blight (to which the 
variety is much subject) and partly another disease for which we 
propose the name ‘“ Yellows.” Plants attacked by yellows have 
a stunted, yellowish aspect suggestive of peach yellows and 
Woods’ Bermuda lily disease, especially the latter. On fruiting 
canes the fruit-bearing laterals are dwarfed, often to one-half 
their normal length. The leaves are small, cyrled slightly down- 
ward at the margins and faintly mottled with yellow. Some of 
the berries dry up without ripening and those that ripen are 
undersized and insipid. Much of the foliage withers at the same 
time.. New canes, for the most part, are not seriously checked 
in growth although their foliage is usually more or less affected. 
The foliage on new canes does not wither and there are rarely 
to be found any dead spots or areas. The leaves on the upper 
portion of the cane may be much mottled while those on the 
lower portion are nearly or quite normal. The reverse may also 
happen. Badly diseased canes and apparently healthy ones may 
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be occasionally found in the same stool. However, it is often 
difficult to determine whether a particular cane is or is not dis- 
eased because the transition from normal canes to badly diseased 
ones is by imperceptible gradations. [Except in the later stages 
of the disease and when also attacked by cane blight, the canes 
themselves do not show injury. The roots, too, appear normal 
but more observations must be made before it can be stated 
positively that the roots are entirely unaffected. 

This disease is a very important one and deserves more atten- 
tion from pathologists than it has yet received. Although espe- 
cially destructive to the Marlboro it is by no means confined to 
that variety. It has been observed on several other red varieties 
and black caps, among which are Coutant No. 1, Cuthbert and 
Kansas. 

The name yellows is given the disease, not because of any 
supposed relation to peach yellows, but because it is descriptive 
of the appearance of affected plants. The red rust of blackberries 
and raspberries, due to the fungus Ceoma nitens, is sometimes 
incorrectly called yellows. For this disease, red or orange rust is 
the proper name inasmuch as it is caused by a true rust fungus. 

The cause of raspberry yellows is not known. At one time we 
suspected that the red spider (Tetranychus telarius) was respon- 
sible for it, but that idea has been abandoned. It is safe to say 
that it is not caused by any fungus attacking the leaves. In an 
experiment made by this Station in codperation with W. D. Barns 
& Son, of Middle Hope, N. Y., various combinations of commercial] 
fertilizer were applied to the soil in a badly affected plantation 
without any appreciable effect on the disease. The details of this 
experiment will be given at a future time. 

No remedy or preventive is known. On this subject it can 
only be said that spraying with bordeaux mixture does not check 
the disease. During the seasons of 1901 and 1902 the Station 
conducted a raspberry spraying experiment in coédperation with 
Mr. J. A. Hepworth of Marlboro, N. Y. The plantation con- 
tained 12 rows, 304 feet long, of the variety Coutant No. 1. Six 
of the rows were not sprayed while the other six were sprayed 
with bordeaux mixture, 1-to-10 formula, on the following dates in 
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1901: May 11, 22; June 3, 24, 26; July 10, 23; August 7 and 20. 
Three of the rows sprayed in 1901 were also sprayed in 1902 on 
May 10, 20, 31 and June 14. 

The original object of the experiment was to ascertain if cane 
blight can be prevented by spraying; but, unfortunately, cane 
blight was almost wholly absent from this plantation in 1901 and 
1902 although it had been destructive in 1900. Consequently, 
nothing was learned as to the value of spraying for cane blight. 
The yellows, on the other hand, attacked the plants over the 
whole plantation. The attack was a moderate one and a fair yield 
of fruit was obtained in spite of it; but in 1902 it was sufficiently 
severe to make it plain that the spraying had had no effect upon 
it. The three rows which had been sprayed 138 times were quite 
as much affected as the unsprayed rows. 
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EXPLANATION OF PLATES. 

VI.—A_ typical example of raspberry cane blight. A 
fruiting cane, variety Pride of Geneva, photographed, 
two-fiftis natural size, June 21, 1901. The.cane blight 
fungus attacked and killed the cane at the point indt- 
cated by the arrow. As a consequence, all foliage above 
this point withered. 
VII.—Five new canes, variety Pride of Geneva, inocu- 
lated with a pure culture of the cane blight fungus. 
(Coniothyrium), July 18, 1900. Photographed, natwral 
size, September 18, 1900. Shows method of using graft- 
ing wax to cover inoculations. The discoloration of the 
bark above and below the wax was pronounced. 


Puate VIII.—Ten new canes of Cuthbert raspberry inoculated 
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with a pure culture of Coniothyrium June 6, 1902. Pho- 
tographed, natural size, August 9, 1902. Wax removed. 
IX.—Four raspberry canes showing the discolored areas 
caused by Spherella rubina. All natural size. 


Fig. 1—A new cane of Pride of Geneva. July, 1900. 


Bark brown. 


Fic. 2—A cane of the variety Talbot. showing spring ap- 


pearance of the areas on fruiting canes. Bark gray and 
thickly covered with perithecia of Spherella rubina. 
The majority of the perithecia contained only immature 
asct, but in a few spores were formed. Photographed 
April 22, 1902. 


Fies. 3 anp 4.—Fruiting canes of Whyte No. 7 and Car- 
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leton respectively showing spring condition of the areas. 
Bark gray and covered with perithecia of Spherella 
rubina, mostly immature. On both canes a few Phoma 
pycnidia are intermingled with the Spherella perithecia. 
Photographed April 18, 1902. 

X.—Fias. 1-5, Spheerella rubina. 


Fig. 1.—A perithecium X 87. 
Fig. 2.—A fragment of one of the brown hypae from the 


base of the perithecium, X 725. 


Fig. 3.—An ascus X 9580. 

Fic. 4.—Four ascospores 966. 

Fig. 5.—A germinating ascospore X 465. 

Fic. 6.—Sia spores of the Phoma found associated with 


Spherella rubina, < 966. 


Fic. 7.—Ten spores of the raspberry cane blight Conio- 


thyrium, < 1033. 


Fic. 8.—Ten spores of Coniothyrium sp. found on dead 
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blackberry canes, X 1038. 

All figures original and drawn with aid of camera 
lucida. 
XI.—The spraying. outfit used in the experiment at 
Charlotte. 





PLate VI.—RAsSpBeRRY CANE BLIGHT. 
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PLATE VII.-—New Canes ARTIFICIALLY INOCULATED. 
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Pirate X.—NSphaerella rubina, Coniothyriwm and Phoma. 
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A DESTRUCTIVE APPLE ROT FOLLOW- 
ING SCAB.* 


H. J. Eusrace. 


SUMMARY. 


Apple scab was unusually common in western New York dur- 
ing the past season. Early in the fall there developed upon many 
of the scab spots a white mildew-like fungus which caused a 
brown, sunken, bitter, rotten spot. There was no relation be- 
tween the scab fungus and the rot-causing fungus except that 
the scab ruptured the epidermis of the apple, thus making an 
entrance for the rot fungus. 

Traces of the disease could be found when the fruit was on the 
trees, but the greatest damage was done just after the fruit was 
harvested and packed. 

Rhode Island Greening was affected more than other leading 
commercial varieties. Baldwin did not show the effects of the 
disease until late in the fall. 

The trouble was probably more sericus in western New York 
than in the other great apple-growing regions of the country. 

The fungus which caused the rot has been known for many 
years, but always regarded as a saprophyte and of no economic 
importance. 

The disease attacking apples at the time it did, after they had 
been harvested, barreled and ready to be sold, caused an enor- 
mous loss to growers, buyers and dealers. 

Inoculation experiments proved that the fungus is parasitic 
on apple, pear, quince and grape. It is a wound parasite and 
cannot grow through sound epidermis; this explains its associa- 
tion with scab, as the scab ruptures the epidermis. 


*A reprint of Bulletin No. 227. 
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The ideal preventive is to keep the fruit free from scab by 
thorough spraying. Cold storage will hold the disease in check, 
but it does not destroy the fungus, and the rot will develop 
when the fruit is taken into a warm place. The loss from the 
rot will be greatly reduced if the fruit is stored in a dry, well-° 
ventilated house where the temperature can be kept at 45° F. or 
below. Dipping apples that were seeded with spores of the 
disease in solutions of copper sulphate and of formalin appeared 
to check the damage from this rot, but did not check the com- 
mon soft rot or blue mold. 

It is not believed that the disease will become epidemic except 
in yery unusual and occasional seasons like the past, when all 
conditions favor its development. But the fact that orchards 
are now abundantly seeded with the spores of the disease make 
it important that apple growers spray more thoroughly to pre- 
vent scab the coming season than in the past. 


INTRODUCTION. 

Apple scab — a fungus disease familiar to all fruit growers — 
does more or less damage every year. Moist and cool seasons 
are very favorable to it. These conditions existed in 1902, and, 
as a result, the attack of scab was unusually severe. In orchards 
where a constant fight was not kept up against it by spraying the 
loss was enormous. 

In August and September, while the fruit was still upon the 
trees, it was observed that on some of the scab spots there 
appeared a white or pinkish mildew-like fungus growth. A little 
later this growth produced a brown, sunken, bitter, rotten spot. 
On very scabby apples these rotten spots soon coalesced and the 
. fruit became a mass of decay. 

Some Fameuse apples affected with the disease were collected 
by the writer at Charlotte on August 30th and brought to the 
Station laboratory for study. The white mildew-like fungus on 
the scab spots was at once determined as Cephalothecium rosewm. 
This was a surprise. The fungus had long been known, but had 
always been regarded as a saprophyte (a fungus that grows only 
on dead and decaying matter). 
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It was decided to carry on investigations with the fungus be- 
cause the apple crop of the State is a very important one, and 
there were indications that daiage of great economic importance 
would be done by the fungus. Then, too, the rot was of a very 
unusual nature, being caused by a fungus that was regarded as 
a saprophyte, and not known to be able to grow on living 
substances. 

Many inquiries from fruit growers regarding the rot were 
received when the harvest commenced and the commercial 
importance of it began to manifest itself. In order to get infor- 
mation of the trouble at first hand, the writer made a trip into 
some of the great apple-growing sections of the State on Octo- 
ber 13th, 14th and 15th, when the harvest was in full progress. 
Many dealers were visited, and all reported the trouble as very 
common and serious. Much interest was shown by apple grow- 
ers and dealers generally, and for their information the following 
press notice was prepared. A copy was mailed to every news- 
paper in the State on October 21st, and published by most of 
-them a few days later. 


“A NEW AND DESTRUCTIVE APPLE ROT. 
H. J. EUSTACE. 


“An unusual and serious trouble with harvested apples has 
appeared in western New York. It is confined entirely to scabby 
apples. A white or pinkish mildew appears upon the scab spots 
and transforms them into brown, sunken, bitter, rotten spots. 
On very scabby apples these rotten spots soon coalesce and ruin 
the fruit. 

“The damage done is enormous. In Niagara, Orleans, Monroe 
and Wayne counties thousands of barrels of apples have been 
ruined. The varieties most affected are Greening and Fall 
Pippin. 

“ Upon investigation it was found that the white mildew on the 
scab spots is the cause of the rot, and that it is a distinct fungus 
having no connection with the scab fungus. The scab itself will 
not rot a fruit, but it breaks the skin wherever it grows, and 
thereby makes an opening for this other fungus to get into the 
apple and rot it. 

“Traces of the rot are sometimes found upon apples while still 
on the trees, but the greatest damage is done during the sweat- 
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ing process, either in piles on the ground or in barrels. Apples 
barreled immediately after picking and placed at once in cold 
storage seem to escape the trouble, but it is liable to appear 
later when the fruit is placed upon the market. 

“A preventive of the rot is much to be desired, but at present 
none is known. Investigations in this line are now in progress 
at the New York Agricultural Experiment Station.” 


The whole trouble can be traced back to a lack of thorough 
spraying. Had the apples been kept free from scab by spraying, 
the white rot fungus could do them no harm in storage. How- 
ever, the past season has been exceptionally favorable for scab 
and spraying has been less effective than usual. 

During September and early October the parasitism of the 
fungus had been proven, and as a mater of scientific interest 
the following account of the fact was prepared on October 24th 
and published in “ Science” for November 7th: 


“THE PARASITISM OF CEPHALOTHECIUM ROSEUM. 


‘‘In discussions of the numerous fungi that are known to cause 
the rotting of apples and other fruits Cephalotheciwm rosewm, 
Corda, has had but brief mention. It is generally regarded as 
a saprophyte, and Clinton* reports it as such on badly rotted 
apples. However, Aderhold** observed a case in which it caused 
a rotting of pears by growing through Fusicladium pirinum 
spots. But it has never been classed as a rot fungus of any 
economic importance. 

“In New York State during the past season it has proved to be 
a true parasite and the cause of an apple rot of great economic 
importance. In some sections of the State thousands of barrels 
of apples have been ruined by it. Apple scab, Fusicladium 
dendriticum, has been unusually common this year. In Sep- 
tember and October it was noticed that on many of the scab 
spots there appeared a white or pinkish growth which trans- 
formed them into brown, sunken, bitter, rotten spots. Upon 
investigation it was found that this white growth was Cephalo- 
thecium roseum Corda., and inoculations made upon many dif- 
ferent varieties of apples and pears under antiseptic conditions, 
with pure cultures, have proved that it is parasitic, and the 
cause of the rot. In every inoculation the characteristic rot 
developed, while the same number of check fruits remained sound. 


* Clinton, G. P., ‘‘ Apple Rots in Illinois,” Til. Agr. Exp. Station Bul. 69.193. F. 1902. 

**Aderhold, Rud., ‘“‘Arbeiten der botanischen Abteilung der Versuchsstation des Kel. 
pomologischen Instituts zu Proskau,” Centralbl. f. Bakt. Parasitenk. u. Infektionskr., I1- 
Abt., 5:522. 1899. 
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“The common occurrence of this fungus upon the Fusicladium 
spots while it is wholly absent from other portions of the fruit 
is due to the fact that Fusicladiwm ruptures the epidermis and 
thus furnishes a means of entrance for the Cephalotheciwm, which 
could not otherwise attack the fruit, since it appears to be in- 
capable of penetrating the unbroken epidermis. 

“It is often found on apples while still on the trees; but after 
they have been harvested and left in piles on the ground or bar- 
reled and allowed to remain where the sweating process can take 
place, it has become so abundant on certain varieties as to ruin 
the fruit for storage. 

“ Further investigations are in progress; and when completed 
they will be published in a bulletin of the New York Agricul- 


tural Experiment Station. 
H. J. Eusrace. 


GmNnEvA, N. Y., October 24, 1902.” 


DESCRIPTION. 


As has been stated, the first case of the disease was found upon 
apples before they had been picked, but it was not until after 
they had been harvested that the great damage was done. 

The first symptom was the white or pinkish fungus growth 
that appeared upon the scab spots. In a few days the surround- 
ing tissues became brown and sunken and decay had started. 
These rotten spots soon grew larger, and where the scab spots 
were near together the rot soon coalesced and formed a large 
area of decay, often causing the complete ruin of the fruit. 

The white growth continued and very soon covered all the 
scab spot, making it impossible to see where the scab had been. 
(Plates XIII and XIV.) In most cases a microscopic examina- 
tion was necessary to determine the presence of the scab. The 
constant occurrence of this fungus upon the scab spots led many 
to believe that it was simply another form of the well-known 
scab. But there is absolutely no connection nor relation between 
the two. The only part that the scab had in the trouble was that 
it ruptured the epidermis (skin) of the apple, thus making an 
entranee for this fungus to grow into the tissue and cause the rot. 

Later the white growth became pinkish, and the decayed area 
of the surrounding epidermis became larger, depressed and rup- 

10 
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tured, lowering the market value of the fruit to a very large 
extent, and in many cases ruining it entirely. (Plate XV, Figs. 
1 and 2.) 

This fungus does not cause as rapid decay of the fruit as most 
of the more common ones do, ‘such as blue mold, Penicilluum 
glaucum, and bitter rot, Gloeosporium fructigenum, but works 
rather slowly as compared with these, and under more exacting 
conditions than most rot-producing fungi. The decayed spots 
are distinct, except where several have coalesced, circular in 
outline, and vary in diameter from the size of a pinhead up to 
an inch, or even more. A very prominent characteristic of this 
rot is that it is a very shallow-growing one; the decayed spots 
extend into the fruit but a little way. (Plate XVI.) In the 
more common rots of apples a large area of the fruit is rapidly 
affected, and the decay extends to the core and often beyond 
toward the opposite side, and usually the affected tissue is soft, 
whereas in this rot it is rather hard and cork-like and quite dry. 

The taste of the. decayed tissue caused by this fungus is also 
very characteristic, being decidedly bitter. This fact is of great 
importance in the manufacture of cider, for if apples affected 
with much of this rot are made into cider it will have a bitter 
taste, ruining its value as a beverage. It has been reported to 
us, but we have not made investigations to confirm it, that if the 
cider is to be made into vinegar the bitterness is not an objection. 

After the apples had been harvested and were left in piles on 
the ground for a few warm days, it was observed that the disease 
had made very rapid progress in the bottom and interior of the 
pile, and that the fungus was in an exceedingly vigorous condi- 
tion. But where the fruit had been barreled up tight and left in 
the orchard, as is the common practice, or was put in ordinary 
storage sheds, or shipped in ordinary freight cars, after a week 
or two it was discovered that the disease had made much more 
rapid progress, waS more vigorous and had done greater dam- 
age than at any other time during the fall. It was also notice 
able that the fruit in the bottom of large bins, such as are used 
about cider mills and drying houses, would become one mass of 
decay if allowed to remain there longer than a few days. 
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The reason for this is found in the fact that the fruit, being 
in piles, barrels or bins, was more or less shut off from a free 
circulation of air, thus allowing the sweating process to progress 
rapidly and vigorously, and the surrounding air quickly became 
moist and warm. These conditions greatly favored the rapid 
development of the disease. 


VARIETIES AFFECTED. 

There was a very inarked difference in the susceptibility of 
different varieties of apples to the disease at the time of harvest, 
and even after they had been in storage for some time. ) 

During the fall Rhode Island Greening, Fall Pippin and 
Fameuse were affected more than any other varieties. Much 
more was heard of the trouble on Rhode Island Greening than 
the other varieties named, but when it is remembered that this 
variety is far more extensively grown in New York State than the 
others and that the crop is more generally barreled and stored 
the reason is apparent. Much damage was done to Tompkins 
King, Maiden Blush and Twenty Ounce. Probably among the 
commercial varieties they would come after the three mentioned 
above. Cases came to our attention where more or less damage 
was done to Gano, Mammoth Black, McIntosh, Rambo, Quebec 
Winter Sweet and Winesap. Among the varieties not as well 
known, Baxter was very bad, and a Russian variety, Safstaholms, 
was completely ruined. 

It was a singular fact that during the harvest time and for 
some weeks afterwards Baldwin and Northern Spy did not show 
any of the disease, although the scab had attacked them fully as 
much as it did the varieties that were badly affected with the rot 
early in the season. For the reason that these two varieties were 
not at all affected at the time the Rhode Island Greening and 
other varieties were decaying, it was generally believed that they 
were immune to the disease, but in December it was found that 
the disease had made its appearance on them. However, it was 
not nearly as vigorous nor as conspicuous as on the other 


varieties. 
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DISTRIBUTION. 


Undoubtedly the disease was more common in western New 
York in 1902 than in any of the other great applegrowing 
regions of the country. However, it was not confined entirely 
to the western part of the State. On October 4th the writer 
found it doing damage to pears while still on the tree, at 
Cutchogue, Long Island. 

In November letters giving a description of the disease and a 
photograph of an affected apple were sent to some of the mem- 
bers of the “ National Apple Shippers’ Association,” asking if 
they had observed the trouble in their sections. Replies from 
Arkansas, Indiana, Kansas, Maine, Maryland, Missouri, Ne- 
braska and Wisconsin were received, and all reported that there 
was no trouble from that disease in their regions during the fall. 
Specimens of diseased apples were received with a number of 
these replies, but in only one case, from Nebraska, was this 
disease found, and then only slight traces. 

An apple buyer at Middleport, N. Y., informed the writer that 
he had observed the same disease in the Shenandoah Valley in 
1901. 

The trouble seems to be not unknown in Michigan. Prof. 
©. F. Wheeler, now of the Department of Agriculture, but for- 
merly botanist at the Michigan Experiment Station, under date 
of November 10, 1902, informed the writer that there was consid- 
erable damage done by the disease in Michigan in 1901. Ina 
letter to the writer, November 17, 1902, Dr. W. J. Beal, professor 
of botany at the Michigan Agricultural College, referring to this 
disease, says: 

“We have been troubled with the same thing here to some 
extent for some time, but apparently worse than common this 
year, perhaps owing to the moist weather.” 

It has also been reported to us as occurring at several places 
in Ohio during the fall of 1902. 
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THE FUNGUS. 

The fungus which is the cause of this rot is known as 
Cephalothecium roseum Cda., and was first described over sixty 
years ago. It is commonly found throughout Europe and Amer- 
ica growing on various decaying substances, particularly on dead 
wood and rotting fruit. During all this time it has been well 
known to mycologists for its scientific interest, but until the past 
season! has been generally considered harmless and unable to 
cause the rotting of fruit or other healthy tissue. However, as 
long ago as 1866 Devaine,? a Frenchman, who investigated the 
decay of fruit, stated that a fungus which he determined as 
Tricothecium domesticum Fries grows readily when inoculated 
into green, solid fruits and the living leaves of certain plants. 
Zschokke,’? in 1897, evidently believed that the fungus with which 
Devaine worked was identical with Cephalothecium roseum, 
and although he makes no mention of having conducted any 
inoculation experiments, he expresses the opinion that C. roseum 
does not belong to the true rot fungi. This author states that 
C. roseum is common on fruit which has first begun to rot from 
other causes. In only one instance did he find it unaccompanied 
by other fungi. Nothing is said about its association with 
Fusicladiwm, however. He placed some pears affected with 
Cephalothecium in a moist chamber and observed that the fungus 
did not penetrate any deeper into the tissue; also that it spread 
sidewise only slightly. His conclusions are that Cephalothecium 
had simply taken possession of sunburn spots. 

Behrens, in 1898, agrees with Zschokke that Tricothecium 
(Cephalothecium) is not a cause of rot in fruit, and suggests that 
Devaine worked with impure cultures. But Behrens, like 
Zschokke, made no inoculation experiments. 





1An account of the destructive apple rot discussed in this bulletin has already been pub- 
lished by John Craig and J. M. Van Hook in Cornell Experiment Station Bulletin No. 207 
entitled, ‘‘Pink Rot: An Attendant of Apple Scab.”’ The present writer had no knowledge that 
the disease was under investigation at the Cornell Experiment Station until the above men- 
tioned bulletin was distributed, December 16, 1902. 

2Devaine, M. C. Recherches sur la pourriture des fruits et des autres partes des vegetaux 
vivants. Comptes Rendus, 63: 344. 1866. 

37schokke, A. Ueber den Bau der Haut und die Ursachen der verschiedenen Haltbarkeit 
unserer Kernobstfruchte. Landw. Jahrb. der Schweiz, 11: 174. 1897. 

4Behrens, J. Beitrage zur Kenntnis der Obstfaulnis. Centralbl. 7. Bakt., Parasitenk. u. 
Infektionskr. Zweite Abt., 4: 581. 1898. 
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Aderhold,° in 1898, observed Cephalothecium roseum intimately 
associated with scab, Fusicladium pirinum, on pears in Germany. 
Although he, too, made no inoculation experiments, he expressed 
the opinion that in the case observed by him the Cephalothecium 
was really the cause of the rot. He confirmed Zschokke’s obser- 
vations that the fungus does not extend deeply into the flesh of 
the fruit, but confines its attacks chiefly to the surface layers.® 
Because of this character he named the rot “ Schalenfaiile ” 
(peel-rot) .” 

The spores of the fungus are borne at the tips of erect stalks, 
technically known as conidiophores. These grow from the 
mycelium, that part of the fungus which penetrates the tissues of 
the fruit and causes the rot. Both the spores and the conidio- 
phores are colorless, except when old and seen in mass. They 
then have a pinkish color. The spores, which are two celled, 
are various in size and shape. Usually they are oblong-obovate 
and slightly constricted at the septum. (Plate XVII, Fig. 1.) 
As we have found them they measure 16 to 28, in length by 8 to 
14 in width, the most common size being 21 by 10 1». 

Devaine stated that the fungus grew when inoculated into liy- 
ing leaves of certain plants, and Aderhold® has observed it on 
the leaves and living twigs of pear. This suggested that it may 
be present on apple leaves, especially those affected with scab, 
but we did not find a case where such a condition existed. We 
have looked for it on the twigs and limbs of apple trees, but have 
been unable to find it. On October 8th it was reported to us as 
growing on healthy maple trees? on Long Island. (Plate XVII, 
Fig. 4.) This suggests that it may be parasitic on maple trees. 
Investigations to determine this will be made during the season 
of 1903. 

5Aderhold, Rud. Arbeiten der botanischen Abteilung der Versuchsstation des Kel, dons 
logischen Instituts zu Proskau. Centralbl. f. Bakteriologie, etc. Zweite Abt., 5: 522. 1899. 

6This observation has been confirmed by the writer with affected apples that were left in 
moist chambers for a month. 

7By fruit growers and apple buyers the rot is often called ‘‘canker,”’ but this name is objec- 
tionable and should be abandoned since it is the generally accepted name of a common disease 
affecting apple limbs (See Buls. 163 and 185 of this Station). Craig and Van Hook (Cornell 
Exp. Sta. Bul. 207) have proposed the name ‘Pink Rot,’’ which is probably as appropriate 
as any that can be found. 

8Aderhold, Loe. cit. 

*The complaint came from a nurseryman. The following is a part of his letter: “I am 


sending you a specimen of mildew on the trunk of Norway maple. The disease attacks sound 
old trees, without wounds, killing the bark.” 
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Growing as a saprophyte it is common. During the past sea- 
son we found it on the black knots on cherry and plum trees, and 
on cordwood (Plate XVII, Fig. 3), where it was very abundant 
and vigorous. During October we found it on the fruit pedicels 
of grapes, but whether it grew there as a saprophyte or as a para- 
site we are unable to say. 

Jelliffe,” in his studies of the fungi found in the air, reports 
it as common. 

With the fungus growing so abundantly in so many places it 
is proper to ask why has not this same trouble occurred in the 
past? That this fungus has been rotting apples to a very small 
extent in other years is altogether likely, as many apple dealers 
and buyers have told the writer that they have observed the 
Same white growth and decayed spots on scabby apples in other 
years, but that the damage done was very slight; not enough to 
take any notice of. However, several dealers who have been in 
the business for many years state that there was a serious epi- 
demic cf the same disease in 1882. 

Epidemics of fungus diseases like this one and the currant 
anthracnose" in the Hudson Valley in 1901 are not well under- 
stood. In the case of this apple rot it is universally attributed 
to the unusually wet season. This fact, coupled with the very 
large amount of scab, is really all the explanation that can be 
offered. 

SEVERITY. 

The damage done to the apple crop of New York in 1902 by 

scab was greater than in any recent season, certainly since 1894; 
-and it probably caused a larger Joss than did the memorable epi- 
demic of that season. Formerly the presence of a little scab on 
an apple did not cause any alarm, for it is well known that the 
seab itself does not rot a fruit. But it does spoil its appearance 
and subsequent keeping quality. If apples of the required size 
have but a few spots of scab on them the price is reduced a little 
or they are sold as No. 2. If there is too much scab to pass for 
this grade they can be disposed of for evaporating purposes or 


l0Jelliffe, S. E. Some Cryptograms found in the Air. Bul. Torr. Bat. Club, 24: 481. 


03 0. 1897. 
11See Bul. No. 199 of this Station. 
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to be manufactured into cider. This unusual and untimely rot- 
ting caused by the sudden appearance of this fungus in a new 
role at once put all scabby apples, even those but slightly affected, 
into disrepute. The price dropped so low that in many cases it 
would have been money lost to pick and barrel them, and they 
were shaken from the trees and sold to evaporators at a very 
small price compared with what they would have been. worth 
had there not been danger from loss on account of this rot. 

At the same time the demand and price for good, clean apples 
increased, and growers who had any to sell realized a good profit 
for their thorough spraying and the extra work. 

During October, when the greatest amount of damage was 
done, many of the newspapers of western New York contained 
articles indicating the severity of the disease and the alarm it 


was causing. 
[From ‘* The Democrat & Chronicle ’’ of Rochester, Oct. 15, 1902.] 


“MUCH DAMAGE FROM FUNGUS TO APPLES OF MANY 
ORCHARDS. 


“A prominent fruit grower in Orleans county stated yesterday 
that the fungus on Greenings was doing great damage and bring- 
ing severe loss to many buyers, especially where stored in the 
ordinary storehouses, but that those put in cold storage ware- 
houses, thus far, have kept well. North of Albion apples have 
been in some instances so badly affected with the fungus, they 
have been sold to the dry houses for comparatively small value. 
The question, said he, is, if the fungus is impairing apples now, 
what can be expected Jater in the season? Baldwins are not 
affected, but many other varieties are to some degree. The cause 
of the fungus is thought certainly to be from the unusually wet 
suminer, HA Fe VE St 


{From “ The Union & Advertiser’’ of Rochester, Oct. 22, 1902.] 


“APPLES DECAYING. 


“ RATHER BAD STATE OF AFFAIRS DISCOVERED BY WoLcoTrr DEALERS. 


“Woxcort, N. Y., Oct. 22.—The apple dealers of Wolcott are a 
badly discouraged lot these days over the rapid decay of apples 
which they have placed in storage. Early in the season the 


EE 
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immense storehouses of Wolcott began to be filled with barreled 
apples both from this section and also with large quantities 
which were shipped from the western part of the State. Early 
in the fall there was considerable alarm over a peculiar fungus 
which had attacked the apples, especially Greenings. Buyers 
were careful to avoid all these apples when placing them in stor- 
age, and supposed they had fruit of first-class keeping qualities. 
But now they find on opening their barreled fruit that it is 
decaying rapidly, although it is still early in the season. 

“ Wherever an apple shows the fungus spots they find a rotten 
Spot, and even on apples where there is apparently no fungus 
there are signs of decay. Dealers are very loath to buy any more 
barreled stock, and business is slow at $1.25 per barrel. 

“Many farmers who intended barreling their fruit are now 
preparing to send it to the evaporators, as evaporated apples 
are bringing good prices, and large quantities of coke have been 
stored by the evaporator men and there is very little loss because 
of the shortage of fuel.” 


Like all damage caused by fungus diseases, it is impossible to 
determine the extent of the loss or anywhere near it, but the 
experiences of the two parties referred to below may be taken as 
not uncommon, and will give some idea of how great and very 
unusual the trouble was. 

Mr. H. G. Udell, of Brockport, said to the writer: 

“ We shipped two cars of apples from Brockport to Farmer to 
be put into cold storage. While on the road there were a few 
warm days and upon examination, before going into the cold 
storage house, they were found to be so badly diseased that they 
had to be sold for evaporating purposes.” 

Mr. L. Huston, of Lockport, said: 

“T shipped a carload of Maiden Blush to St. Louis. The 
weather was warm and the apples were found to be ruined when 
they reached their destination.” 


INOCULATION EXPERIMENTS. 


The parasitism of the fungus on apple, pear, quince and grape 
has been demonstrated by artificial inoculations. In all the inoc- 
ulations the rot has always developed, while check fruits, kept 
under parallel conditions, always remained sound. 
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Pure cultures of the fungus obtained from apples and from 
cordwood were used in all of the inoculations. The same char- 
acteristic rot was produced whether inoculated with a culture 
made from a diseased apple or from the fungus as it was found 
growing as a saprophyte on cordwood. 

The method of inoculation was as follows: The fruits were 
carefully selected and only sound, perfect specimens taken. They 
were sterilized by immersing in a 1-1000 solution of corrosive 
sublimate. This was washed off with distilled water and the 
surplus water was removed with a piece of sterilized cotton. In 
each case two fruits of the same variety were placed in a large, 
moist chamber that had been washed out with a 1-1000 solution 
of corrosive sublimate. The epidermis of each fruit was punc- 
tured with a sterilized needle. With another sterilized needle 
some of the fungus growing pure on slices of sugar beet, potato 
agar or apple agar was placed in the puncture of one fruit, the 
other being reserved for the check. (Plates XVIII and XIX.) 
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TaBLE I.— INocuLATIONS ON FRUIT, WITH PURE CULTURES OF 
Cephalothecium roseum. 
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Inoculations conducted under the same sterile conditions as 
above described were made to determine if the fungus could pen- 
etrate the unbroken epidermis and cause the rot. Spores from 
a pure culture of the fungus were placed on one fruit without 
puncturing or breaking the epidermis, and on the other fruit 
inoculation was made by puncture, as previously described. The 
rot did not develop where the spores were placed on the unbroken 
epidermis, except in one case, and that was where a very tender- 
skinned variety was used. On all of the fruits inoculated by 
puncture the characteristic rot developed. 


Taste II.— INocuLATIONS MADE ON SouND EPIDERMIS AND 
THROUGH A PUNCTURE. 























ial 2 o§ 
cs VARIETY, E °¢ Condition. 
ger | fe 2'3 
A° sl as 
Oct. 11 | Raymond de Montlaur*....) Sound.....) Oct. 22 | Fruit sound. 
11 | Raymond de Montlaur*....| Punctured. 22 | Rot developed. 
11 | Therese Appert*.......... Sound ....| 22 | Fruit sound. 
11 | Therese Appert*...... *....| Punctured.| 22 | Rot developed. 
Il | ‘Golden Sweetas.ino/. PSS :; Sound.....| 22 | Fruit sound. 
11 | Golden Sweet ............ Punctured. 22 | Rot developed. 
1 |} Coz Pomtnast) <i oh 28.4 Sound..... 22 | Fruit sound. 
El Cee. Pomons... aa eee Punctured . 22 | Rot developed. 
11 | Small Admirable..7....... Sound... .. 22 | Rot developed. 
11 | Small Admirable.....,.... Punctured. 22 Rot developed. 
Abr) Misther 2, arate rw a Sound..... 22 | Fruit sound. 
LY's) Mothertic.?. egies) ASS Punctured. 22 | Rot developed. 











* These two are pears, the others are apples. 


The results of these inoculations indicate that the fungus is 
more properly classified as a wound parasite rather than as a 
true parasite. 

[ixperiments were made to determine whether the disease would 
work more vigorously when inoculation was made upon a seab 
spot or by puncture through healthy epidermis. As in the other 
experiments, two fruits of each variety were used — one on which 
there was a fair-sized scab spot, the other with the epidermis all 
sound. Inoculation was made by placing the spores from a pure 
culture of the fungus upon the scab spot of one fruit and by 
puncture in the usual way on the sound fruit. 
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TaBLE IIJ.— INocuLATIONS MApDE ON ScasB Spor AND THROUGH 
HEALTHY EPIDERMIS. 
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po ounatien 3,558 20 GL LOA On scab..... 7 | 30 Mm 
Pee CTL he ie ya tio w Seis 3 8% By puncture.. 7 | 25 Mm 
pea enaroontes | iio’. sextuice Sau. os Qn scab .7.... T issiim, 
Re eisharoone£ . ged i ead ts <a j49)' By puncture.. 7 | 20 Mm. 
Eye UME de Se Aces 1 a an On scab..... 7 | 25 Mm. 
ROMERO, APS. ed td ABA. By puncture.. 7 | 14 Mm. 
ILE as Fy era a coe tie se. ce Fish ge os On scab..... 7 | 5 Mm. 
pereemovettene cst rN al eS ak By puncture.. 7 | 20 Mm. 
2 TENS en oe ee €or On. scabs «04 7 | 5 Mm. 
255) De 5 9 Se Ds er | By puncture.. 7 | 20 Mm. 

















While the results of these experiments do not show uniformity, 
in most cases a larger area of the rot developed on the fruits 
inoculated on a scab spot than where inoculation was made 
through healthy epidermis. This is probably because more of 
the epidermis is broken by the growth of the scab and the rot 
fungus has a better chance to spread out than where only a 
puncture the size of a needle is made through sound epidermis. 

In all of the artificial inoculations it was observed that the 
rot extended into the fruit much farther than it did in natural 
infections. 

The identity of the fungus produced in all the artificial inocu- 
lations was determined by a microscopic examination; also by 
tasting the diseased tissue. And in many cases cultures were 
made of some of the affected tissue, removed under sterile con- 
ditions, and the fungus reproduced. In nearly every case these 
cultures were absolutely pure, 
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PREVENTIVE MEASURES. 

Spraying.—Apples that were free from scab were entirely free 
from this rot. Observations and investigations go to show that 
the fungus which causes the rot cannot grow through the sound 
epidermis. Scab growing on an apple breaks the epidermis and 
thereby makes an entrance for this rot fungus as well as for vari- 
ous other kinds of fungi that cause the decay of the fruit. There- 
fore, the ideal preventive is to keep the fruit free from scab. 
Spraying will do this, as many experiments and the experience 
of the most successful apple growers in New York State prove. 

The standard preventive for scab is three thorough applications 
of bordeaux mixture; the first applied just before the blossoms 
open, the second just after the blossoms fall and the third from 
ten to fourteen days after the second application. 

For further details and suggestions on spraying see Bulletin 
170 of this Station. 

Cold storage.— Investigations that have been made demon- 
strate that the rot on fruit known to be seeded with spores of 
the disease can be successfully held in check by cold storage. 

There were reasons for believing this to be so, but positive evi- 
dence was lacking. To get this evidence twelve apples of differ- 
ent varieties that had been carefully selected and sterilized were 
inoculated with a pure culture of the fungus on the morning of 
November 1st, and that afternoon taken to Brighton and placed 
in the commercial cold storage house of the Gleason & Loomis 
Co., where the temperature was kept constantly at about 32° F. 
Check fruits of the same varieties, inoculated in the same way, at 
the same time and from the same pure culture of the fungus were 
made and left in the laboratory, where the temperature was about 
70° I. during the day, but considerably lower during the night. 

On November 10th the apples in the laboratory were examined, 
and in every one the rot had developed at the point of inoculation. 
(Plate XX, Fig. 1.) 

On November 28th the apples in cold storage were taken out 
and found to be in as good condition as when they were put in. 
(Plate XX, Fig. 2.) The rot had not developed in any of them. 
But after these apples had been in the laboratory a few days the 
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rot began to develop around the point of inoculation in every 
fruit. -(Plate XN} 'Fig-'3.) 

This is conclusive proof that the low temperature of the cold 
storage house will hold the disease in check, but that it does not 
kill the spores of the fungus, and as soon as the fruit is taken 
into a warm place the rot begins to develop. 

Therefore, the recommendation is made that if it is desired to 
hold the rot in check, fruit believed to be seeded with spores of 
the disease be put into cold storage just as soon after it is picked 
as possible and not taken out until wanted for immediate use. 

Dryness and low temperature.—W hile commercial cold storage 
may not be feasible in many cases, certain conditions can be made 
that will very much decrease the amount of damage that this fun- 
gus can do. 

It is of the greatest importance that any building intended as 
a storehouse for fruit be dry and well ventilated. In every case 
of the disease that has come to our notice the damage done was 
very much greater where the fruit was stored in a room or build- 
ing that was damp and poorly ventilated. 

In experiments that we have made by putting cultures of the 
fungus in a room in which the temperature ranged from 41° to 
46° F., the average being 44°, there was no growth at the end 
of a week. The cultures were then taken out and placed in a’ 
warm room and made a good growth in one day. 

In a temperature between 50° and 60° F., the average being 
565° I*., there was a small growth of the fungus at the end of a 
week. 

These observations and experiments indicate that if fruit is 
stored in a building or room that is dry and well ventilated, and 
the temperature kept at 45° F. or below, the growth of this 
fungus will be retarded and the fruit saved from the rot. 

Dipping the frwit— Theoretically, if a fruit seeded with the 
spores of a destructive fungus disease is dipped in some solution 
known to be able to kill the spores, the liability of damage to the 
fruit from the fungus diseases ought to be greatly reduced. 

Iixperiments to determine the practicability of this theory have 
been made. Rhode Island Greening apples badly affected with 
the scab were secured for the work. This variety was selected 
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because it is a very prominent commercial one and was moré 
susceptible to attacks of the rot fungus than the other. That 
the experiment might be of commercial value, barrel quantities 
of the apples were used for each different treatment. The apples 
were treated on October 17th, 18th and 20th. Solutions of cop- 
per sulphate and of formalin were used. 


TABLE ILV.— EXPERIMENTS IN DIPPING APPLES. 





























Date. Barrel. at lg Se a Solution. 

Oct. 17 1 | 5minutes...| 1 lb. copper sulphate to 50 gallons of water. 
17 2 | 10 minutes...| 1 lb. copper sulphate to 50 gallons of water. 
17 3 | 5minutes...| 2 lbs. copper sulphate to 50 gallons of water. 
17 4 | 10 minutes...| 2 lbs. copper sulphate to 50 gallons of water. 
18 5 | 5minutes...| 3lbs. copper sulphate to 50 gallons of water. 
18 6 | 10 minutes...| 3 lbs. copper sulphate to 50 gallons of water. 
20 7 | 30 minutes...| 3 lbs. copper sulphate to 50 gallons of water. 
17 8 | 5minutes...| 41bs. copper sulphate to 50 gallons of water. 
17 9 | 10 minutes...| 41lbs. copper sulphate to 50 gallons of water. 
20 | 10 | 30 minutes...) 41bs. copper sulphate to 50 gallons of water. 
20 11 | 10 minutes...| 5 lbs. copper sulphate to 50 gallons of water. 
20 12 | 30 minutes...| 5 lbs. copper sulphate to 50 gallons of water. 
20 13 | 10 minutes...| 6 lbs. copper sulphate to 50 gallons of water. 
20 14 | 30 minutes...) 6lbs. copper sulphate to 50 gallons of water. 
20 15 | 10 minutes...| 8 lbs. copper sulphate to 50 gallons of water. 
20 16 | 30 minutes...| 8 lbs. copper sulphate to 50 gallons of water. 
20 17 | 5minutes...| 10lbs. copper sulphate to 50 gallons of water. 
20 18 | 10 minutes...| 4 pint formalin to 30 gallons of water. 

20 19 | 30 minutes...| 4 pint formalin to 30 gallons of water. 
18 20 | 5minutes...| 1 pint formalin to 30 gallons of water. 
18 21 | 10 minutes...) 1 pint formalin to 30 gallons of water. 
L? 22 | Check ...... Not treated at all. 
18 201, DOCK) os , Not treated at all. 
20 24 | Check ...... Not treated at all. 
20 25..| (Giteck vu, maa Not treated at all. 





| 
| 








After the apples were taken out of the solutions and were dried 
off by exposure to the sun and wind, they were barreled and the 
barrels piled on the north side of a building and covered with 
boards as a protection against rain. Before there was danger 
from freezing they were taken into a dry, cool storeroom. 

On December 2d the apples in each barrel were examined, and 
it was very apparent in comparing the treated ones with the 
checks that the solutions of copper sulphate and of formalin had 
materially checked the growth of the Cephalothecium. However, 


a 
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the common, soft rot caused by the fungus Penicilliwm glaucum 
had made its appearance in every barrel of apples, but it was 
somewhat more abundant in those that had been treated. 

These treatments must be regarded as very severe tests. They 
were not made until late in the season, probably too late for the 
best results. The apples were very scabby, and in a few cases 
they were not dried off.as thoroughly as was desirable. But it 
is not expected that scabby apples can be kept free from the 
common soft rots very long, and the fact that these apples were 
wet even with a solution supposed to prevent the germination 
of the spores that caused the soft rot appears to have actually 
hastened its growth and increased the damage it does. 

AS a commercial practice, dipping fruits in solutions of copper 
sulphate or of formalin to check the damage that might be done 
by fungus diseases is not to be recommended. While there is 
no doubt that many spores of the diseases are killed, wetting 
fruits, even with a disease preventive, appears to increase the 
damage from the common soft rot or blue mold. 

It was an interesting fact that none of the solutions used 
injured the skin of the apples in any way. 

Recapitulation.-— Spray thoroughly to prevent apple scab. 

In picking, sorting and packing, discard all fruits that show 
any of the white or pinkish growth. 

The development of the rot is greatiy favored if scabby apples 
are left in piles on the ground, or barreled and allowed to stand 
where it is only moderately warm. 

Get the fruit into storage as soon after picking as possible. 

Store the fruit in a dry place and keep the temperature below 
45° I. if possible. | 

Cold storage simply retards the growth of fungi that cause 
the various decays of fruits. As soon as the fruit is taken into 
a warm place the spores of the fungi at once begin to grow, and 
decay results. Therefore, it is advisable to leave the fruit in 
storage as long as possible before it is wanted for use, 

11 
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THE OUTLOOK FOR THE FUTURE. 


All things considered, this is probably the most unusual and 
remarkable epidemic of a fungus disease that has ever occurred 
in this country — certainly of any on record. The unusualness 
lies in that fact that it was caused by a fungus that has been well 
known for many years as a saprophyte, and supposed to be of 
no economic importance, but in the past season suddenly becom- 
ing a parasite of wide distribution, attacking apples and causing 
an enormous loss to the crop of the State. 

Fruit growers are anxious to know if the same trouble is liable 
to appear the coming season, and if it is liable to occur regularly 
every year hereafter and become a menace to the apple industry. 
Of course this cannot be predicted with certainty, but it is our 
opinion that the apple growers need not feel uneasy about the dis- 
ease becoming a regular pest. There is evidence that the same 
disease has caused damage to apples in past years, but is has 
been so slight as to be overlooked. Judging from what is known 
of its history, it seems unlikely that it will become troublesome 
except in occasional and very unusual seasons like the past one; 
where all conditions favor it. However, the fact that orchards 
are now abundantly seeded with the spores of this disease must 
not be lost sight of, and for this reason apple growers are advised 
to spray more thoroughly, to prevent the scab, during the coming 
season than in the past. The rot may not become epidemic 
again in many years, but the fact that it was so abundant in 1902 
is certainly favorable for its appearance in 1903 if the weather 
conditions are similar to those of the past season. 
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EXPLANATION OF PLATES. 


XII1.—Rhode Isiand Greeniny apples affected with the 
Cephalothecium rot. Average specimens from many 
bushels after they had been in ordinary storage four 
weeks. Slightly reduced. 

AXIV.—Fameuse apples affected with the rot. Average 
specimens from a bushel offered for sale at a grocery, 
in Geneva, October 6, 1902. Slightly reduced. 
XV.—Medium and late stages of the rot: 

Fic. 1.—feali Pippin apple after it had been mm ordinary 
storage four weeks. Natural size. 

Fic. 2.—Rhode Island Greening apple photographed De- 
cember 23, 1902. Had been in ordinary storage since 
harvested. Natural size. 





NX VI.—An affected Rhode Island Greening apple and 
cross-section of the same illustrating the shallow- 
growing character of the rot. Natural size. 

XVII.—The fungus, Cephalothecium roseum : 

Fig. 1.—Spores < 1000. 

Fig. 2.—Petri dish culture on potato agar. 

Fic. 3.—Growing as a saprophyte on cord-wood. 

Fic. 4.—Groiwing on bark of Norway maple. 

Figs. 2, 3 anp 4.—Natural size. 

XVIII.—Artificial inoculation on apples, variety Stark. 

Fie. 1.—Seven days after inoculation with a pure culture 
of Cephalothecium roseum. Natural size. t 

Fig. 2.—Check. Point of puncture below and to the right 
of the stem. Natural size. 

XIX.—-Artificial inoculation on pears, Pitmanson 
Duchess. a 

Fig. 1.—T wo weeks after inoculation with a pure culture 
of Cephalothecium roseum. Natural size. 

Fig. 2.--Check. Point of puncture below the figure on 
pear. Natural size. 

XX.—Influence of cold storage. Rhode Island Green- 
ing apples inoculated with a pure culture of the apple- 
rot fungus. Slightly reduced. 

Fie. 1.—IJnoculated and kept m the laboratory. 

Fic. 2.—Inoculated at the same time as apple in Fw. 1, 
but kept in cold storage for four weeks. Photo- 
graphed soon after taken out. 

Fic. 3.—Same apple as in Fig. 2, after it had been mn a 
warm room some time. 





Piate XIIJI.—GREENING APPLES AFFECTED WITH THE Rot. 
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Puate XIV.—FAamMeEuSE APPLES AFFECTED WITH THE Rot. 
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PLATE XV.—MEDIUM AND LATE STAGES OF THE Kot. 
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Prate XVI.—AN AFFECTED GREENING APPLE AND CROSS-SECTIGN 
OF THE SAME. 
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Puate XVII.—Tue Funcus, Cephalothecium rosewn. 
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Pirate XVIII.—Artiric1aL INOCULATION ON APPLES: 1, INOCU- 
LATED; 2, CHECK. 
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Prate XLX.—ARrrtiFIcIAL INOCULATION ON PEARS: 1, INOCULATED ; 
2, CHECK. 
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PLatE XN N.—INFLUENCE OF COLD STORAGE. 
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TasLe oF Contents. 





I. A study of some of the salts found by casein and para- 


casein with acids: Their relations to American cheddar cheese. 


II. Methods for the estimation of the proteolytic compounds 


contained in cheese and milk. 


III. Some of the compounds present in American cheddar 
cheese. 


1Absent on leave after November 1, 1902. 
2Absent on leave after September 1, 1902. 
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REPORT OF THE CHEMICAL 
DEPARTMENT. 





Pee OY Or. SOME OF THE SALIS 
FORMED BY CASEIN AND PARACA- 
SEIN WITH ACIDS: THEIR: RELA- 
TIONS TO°“-AMERICAN ~CHEDDAR 
ee ey Eee 





L. L. VAN StykkE AND FE. B. Harr. 





SUMMARY. 


1. The object of the work described in this bulletin is to study 
the real function of acids in relation to the important changes 
taking place in cheese-curd during the cheddar process of cheese- 
making. 


2. In examining cheese for hetero-caseose by extraction with 
dilute solution of common salt, a body was found in quantities 
so large as to indicate that it was some compound other than 
hetero-caseose. 


3. In studying cheese made with and without the use of lactic 
acid, the salt-soluble product was discovered to be present in very 
large quantities only when acid was used, being practically 
absent, or present in very small proportions, when no acid was 
used. 


4, In normal cheese the salt-soluble product is always found, 
but in varying quantities, being largest usually in new cheese, 


*A reprint of Bulletin No. 214, 
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and diminishing with age of cheese. Various conditions affect 
the amount in new cheese, especially those conditions influencing 
the amount of acid present. 


5. Paracasein, carefully prepared and treated with dilute lactic 
acid, furnishes a product resembling, in both physical and 
chemical properties, the salt-soluble substance extracted from 
cheese. 


6. Paracasein is shown to combine with an acid in at least 
two different proportions, forming two distinct compounds; one 
is the unsaturated or mono-acid salt; the other, the saturated 
or di-acid salt. Such compounds were prepared with lactic, 
acetic, hydrochloric, and sulphuric acids. 


7. Casein forms salts with acids in the same manner as para- 
casein. 


8. The unsaturated salts formed by casein and paracasein with 
acids are soluble in dilute solutions of sodium chloride and in 
50 per ct. hot alcohol, but insoluble in water. The saturated 
“salts are practically insoluble in water, dilute salt-solutions and 
50 per ct. hot alcohol. Both forms are sparingly soluble in 
dilute solutions of calcium lactate and calcium carbonate. 


9. The important changes taking place in cheese-curd during 
the process of cheddar cheese-making, such as the acquired ability 
to form strings on hot iron, the changes in appearance, plasticity 
and texture, and probably the shrinking, are due to the formation 
of the unsaturated paracasein lactate. 


10. The ripening process in normal cheddar cheese, by which 
the insoluble nitrogen-compounds change into soluble forms, be- 
gins, not with paracasein as has been universally held, but with 
unsaturated paracasein lactate. The water-soluble nitrogen in 
cheese generally increases as the unsaturated paracasein lactate 
decreases, and apparently at the expense of the latter compound. 
The first step in the normal ripening process of American cheddar 
cheese is probably a peptic digestion of unsaturated paracasein 
lactate. Some of the facts presented suggest a method of proof 
of the commonly accepted theory of gastric digestion, 
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INTRODUCTION. 


The chemical changes taking place during the early stages of 
manufacture of cheese have hitherto been little investigated or 
understood. This is particularly true of the kind of cheese most 
extensively made in the United States and Canada, commonly 
called American cheddar cheese. One of the first recognized 
changes occurring in the process of cheese manufacture is that 
produced by the action of rennet on milk-casein, resulting in the 
formation of an insoluble curd. The action of rennet, according 
to Hammarsten’s explanation, splits milk-casein into two differ- 
ent compounds!,— one, the insoluble curd, called paracasein, 
formed in large proportions; the other soluble, albumose-like, 
called whey proteid, formed in small proportions. While Ham- 
marsten’s view is still held by many, there is growing evidence? 
that the albumose-like proteid found in whey is not a result of 
the action of rennet, but that it can be produced by actual proteo- 
lytic digestion of casein, due to enzymes either present in the 
milk itself or introduced with the rennet (as pepsin or Glaessner’s 
pseudo-pepsin). Whatever we may uitimately find to be the 
exact nature of rennet action on milk-casein, it is not the only 
factor at work during and after the formation of the insoluble 
curd; for there is present at least one other active process during 
the early stages of cheese-making that has much to do with the 
production of a “good curd”, judged from the practical stand- 
point of a cheesemaker. 

One of the first operations in cheddar cheese-making is to 
“ripen ” the milk previous to adding rennet. This is accom- 
plished by allowing the milk to stand some time at a temperature 
of about 86° F. (30° C.), or the operation may be hastened by 
adding to the milk special cultures of acid-producing organisms. 
This process, commonly known as the “ripening of milk,” has 
for some time been recognized as an acid-producing form of 
fermentation, that is, a fermentation brought about by the action 
of lactic-acid organisms on the milk-sugar, resulting in the forma- 
tion of lactic acid. In ripening milk, the cheesemaker increases 


1Maly’s Ber., 2: 118 (1872); 4: 1385 (1874). 
2Puld. Beitrage zur Chim. Physiol., 2: 169 (1902). 
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the quantity of acid in the milk, not only before adding rennet, 
but continuously throughout the rest of the process of manufac- 
ture. is 

The amount of acid in cheese-curd is roughly measured in a 
mechanical way by means of the so-called “ hot-iron test.” When 
a piece of curd is pressed against a hot iron and then drawn 
away carefully, fine, silky threads are formed, adhering to the 
iron. This phenomenon is closely associated with the formation 
of acid and the length of the strings shown by the hot-iron test 
is utilized as a measure of the amount of acid present and as an 
indication when to perform certain operations. Thus, when 
the curd strings on the hot iron to the length of one-eighth of 
an inch, the whey is removed from the curd, after which the curd 
is “packed” in a pile and allowed to lie until it has passed 
through the so-called “ matting” or “ breaking-down” process, 
when it furnishes strings an inch or more in length by the hot- 
iron test. When this stage is reached, the remaining steps of 
the manufacturing process are at once completed, such as mill- 
ing, salting, and putting in molds for pressing. 

While it has been generally supposed that the presence of some 
acid, presumably lactic acid, in the cheese-making process is, in 
Some way or other, responsible for the most important changes 
taking place, such as the shrinking of the curd, the acquired abil- 
ity to form strings on hot iron and the change in appearance and 
plasticity of curd, no one has ever been able to show in what 
way these changes were brought about by acids. It has been 
commonly supposed that the observed changes were purely physi- 
cal in character and were not the result of chemical changes in 
the curd. In the following pages it is our purpose to consider 
more fully than has been done previously the real function of 
acids in relation to the important changes taking place in cheese- 
curd during the cheddar process of cheese-making. 

Since Sjéquist’s® investigation, we have learned that proteids 
can build salts with acids and bases, and this subject has been 
considerably developed in the last few years. Bugarszky and Lie- 
bermann? have shown that egg-albumin forms with hydrochloric 
acid a salt analogous to ammonium chloride, which they call 


3Skandin, Arch. f. Physiol., 5: 277 (1894). 
4Pfluger’s Archiv, 72: 51 (1898). 
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albuminum chloride. Osborn has also shown that edestin, the 
globulin of hempseed, is capable of combining with acids in 
several different proportions, forming salts having different prop- 
erties. Panormoff® also has recently described definite com- 
pounds formed by egg-albumin with different acids. So far as 
we are able to learn, no similar work with milk-casein or with 
paracasein (milk-casein coagulated by rennet and constituting a 
large proportion of cheese-curd) has been done. The nearest 
any one has come to touching this specific line of work was in the 
case of Danilewsky‘, whe, in his preparation, by use of hydro- 
chloride acid, of what he called pure casein, actually prepared a 
mixture of the salts of this proteid, one of which is soluble in 50 
per ct. boiling alcohol, while the other is insoluble. From this 
behavior, he concluded that milk-casein consists of two proteids. 
Reference will again be made to this. 

In our early work relating to the study of chemical changes 
taking place in cheese during the process of ripening or curing, 
we mixed the cheese thoroughly with sand by grinding in a mor- 
tar and completely extracted this with water at 131° F. (55° C.). 
The residue, insoluble in water, was then treated with a 10 per ct. 
solution of sodium chloride at 104° F. (40° ©.) for the purpose 
of removing any hetero caseose formed during the ripening pro- 
cess. Chittenden’ had shown that, in a peptic digestion of casein, 
hetero-caseose was formed only in small amounts. When, by our 
extraction of fresh or partly ripened cheese with dilute salt solu- 
tion, we obtained amounts of proteid, representing often as high 
as 40 per ct. of the total nitrogen present in the cheese, it became 
apparent that we were acaling with some compound other than 
hetero-caseose. 


DISCUSSION OF EXPERIMENTS. 


OCCURRENCE OF THE SALT-SOLUBLE PRODUCT IN CHEESE MADE IN THD 
PRESENCE OF CHLOROFORM WITH AND WITHOUT ACID. 
e 


(1) Without acid.— Cheeses were made from milk which had 
been previously heated to 208° F. (98° C.) for the purpose of 


"Ann. Report of Conn. Agr. Exp. Sta. 23: 402 (1900). 

6 Jour. d. Russ. Phys. Chem. Gesellsch., 31: 556. 

Zeit. f. Physiol. Chem., 7: 433 (1883). 

8Studies in Physiol. Chem. Yale Univ. 2: 156 (1885-6). 
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destroying all enzymes and bacterial forms present in the milk. 
After cooling the milk te the temperature employed in cheese- 
making, chloroferm was added to the milk to the extent of 4 per 
ct. by volume in order to prevent any bacterial activity. As the 
ability of the milk-casein to coagulate with rennet is impaired by 
heat, this property was restored, in one case, by the addition of 
a smail amount of calcium chloride, and, in the other case, by 
passing a stream of carbon dioxide through the milk for half an 
hour. ‘The cheeses made from the milk thus treated were left in 
press over night, and were then examined at once for the salt- 
soluble product. The determination was made as follows: An 
amount of the fresh cheese, weighing 25 grams, was ground 
with sand and extracted with several portions of distilled water 
at 131° F. (55° C.) until the extract amounted to 500 cc. The 
residue was then similarly extracted with a 5 per ct. solution of 
sodium chloride. The amount of nitrogen in 50 cc. of this salt 
extract was determined by the Kjeldahl process. Table I gives 
the results obtained. The figures in parenthesis indicate the 
serial numbers of the different cheeses. | 

(2) With acid.— Other cheeses were made exactly like the pre- 
ceding. except that lactic acid was added to the milk to the extent 
of 0.2 per ct., by weight, of the milk. An examination of these 
cheeses, made at once after they were taken from press, gave 
the results stated in Table I. 


Tarte I.—AMmMouNT oF NITROGEN IN Saut-SoLtusBLeE Extract Os- 
TAINED FROM CHEESES MADE WITH AND witHout Lactic ACID. 








NirrRoGEN, ExprESSED AS PER- 
CENTAGE OF ToTAL NITROGEN 
IN CHEESE. 


NirrRoGEn EXxprESsED AS PER- 
| CENTAGE OF CHEESE. 








Made with addi-| Made with addi- ||Made with addi-| Made with addi- 
tion of calcium tion of carbon tion of calcium tion of carbon 
chloride. dioxide. chloride. dioxide, 





(1) With acid.....| 27.88 (45) | 29.80 (48) || 0.87°(45) | 0.700 (48) 
With acid.....| 26.62 (46) | 22.90 (51) || 0.84 (46) | 0.754 (51) 
(2) Without acid..] 2.44 (44) | 5.24 (49) | 0.76 (44) | 0.132 (49) 
Without acid..| 2.90 (47) | 5.72 (50) || 0.76 (47) | 0.148 (50) 




















ee 
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An examination of this table shows that the amount of nitrogen, 
in the form of the salt-soluble product, was increased very greatly 
by the action of the added lactic acid. The cheeses made without 
acid shows small amounts of this salt-soluble substance. In the 
case of Nos. 44 and 47, the salt-soluble product found may possibly 
be attributed to the slight amount of lactic acid formed in the 
milk before it was heated, or it may be that neutral paracasein 
itself is slightly soluble in salt-solution. There is some basis for 
this latter supposition, for, in the case of milk taken directly from 
a cow and immediately etherized and made into curd, these con- 
ditions excluding ali possible acid formation, there still appears 
to be a slight solubility of the neutral paracasein in dilute 
salt-solution. In the case of Nos. 49 and 50 somewhat more salt- 
soluble product is found than in Nos. 44 and 47. This is undoubt- 
edly due to the effect of the carbon dioxide used, even so weak 
an acid probably having some limited tendency to form with para- 
casein a salt-soluble product. 


OCCURRENCES OF THE SALT-SOLUBLE PRODUCT IN NORMAL CHEDSE. 

In the many normal cheddar cheeses thus far examined by us, 
this salt-soluble substance is always found. The amounts vary, 
but the factors causing the variations have not been fully studied 
yet. For example, the amount of milk-sugar retained in the cheese 
is one cause of such variations; likewise those conditions affecting 
the quantitative conversion of milk-sugar into lactic acid. Then, 
again, we have not yet obtained satisfactory control of all the 
details of the quantitative estimation of this salt-soluble product. 
Its amount varies also with the age of a cheese. In cheese fresh 
from press, that is, about 24 hours old, we have found that from 
4) to 78 per ct. of the total nitrogen is in the form of the sait- 
soluble substance, and the amount diminishes more or less with 
advance of age in the cheese, as illustrated by the figures in 
Table IT. 
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TasBLE II.—Amounr or SAut-SoLuBLE PRopuUcT IN CHEESES AT 
DIFFERENT AGES. 





Salt-soluble lt-soluble | Water-soluble i 
POA Acecricesl “eautTOzes | cnifrpmeny «ull. cMitPOReBy 4 | UU attaneenall 
number of a de Dp t as, expressed as pram tab drag thes expressed as 
of cheese. i aba ier ole ercentage percentage of ent 

total nitrogen Pp & total nitrogen pencenrags 
in cheese. of cheese. in cheese. of cheese. 
54 1 days css 58.7 2.08 6.78 0.240 
54 1 month.,.. 42.4 1.58 19.30 0.718 
54 a. Montug: .. 33.4 1.31 26 .02 1.020 
31-A | 2 weeks....| 40.7 1.50 15.50 0.569 
31-B 2 weeks.... 42.8 1.58 | 16.50 0.608 
31-C | 2 weeks....! 37.4 | 1.38 16.10 0.584 
31-D | 2 weeks....| A ON 1.49 15.80 0.589 
38-A  3'months.. .| 16.48 | 0.58 37.22 1.310 
38-B 3}months. Pa 17.60 0.63 25.48 1,270 
38-C 3 months.. .| 19.19 0.71 32.16 1.190 
38—D | 3months... 21.96 0.83 29 .90 1.130 
38-A | 9 months... 13.43 0.54 53.24 2.140 
38-—B | 9months...! 14.29 0.57 47.75 1.910 
38-C | 9months.. .| 18.46 0.74 45 .64 1.830 
38-D | 9months...! 18.44 0.78 40.91 1.730 











An examination of Table II indicates a general tendency for 
the amount of nitrogen present in cheese in the form of the salt- 
soluble product to decrease ag the cheese advances in age. 

An examination of the last two columns of figures shows that, 
as cheese increases in age, the amount of nitrogen in the form 
of the water-soluble product increases. The fact that the water- 
soluble nitrogen in cheese increases while the salt-soluble product 
decreases strongly suggests that this Grogress in proteolysis takes 
place at the expense of the salt-soluble product. However, we 
are not inclined to assert positively that such a relation exists 
until we have perfected to our satisfaction the method for esti- 
mating the salt-soluble product. In cheese No. 54, one of our 
latest experimental cheeses, our method of extraction was under 
better control and the figures obtained are entirely consistent with 
the view that proteolysis in cheese commences with the salt- 
soluble product. However, the main point to which we wish to 
call attention in connection with Table II is that in freshly-made 
cheddar cheese the salt-soluble product forms a large part of the 
nitrogen-compounds of the cheese. 


ES ee ee eS 
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NATURE OF THE SAL'I-SOLUBLE PRODUCT. 


(1) A salt of paracasein.— In the case of cheeses made with 
and without lactic acid, in the presence of chloroform, we have 
seen that there were large amounts of the salt-soluble product 
formed when lactic acid was used, and only small amounts when 
no acid was used. We have also seen that, in the case of normal 
cheddar cheeses, the salt-soluble product occurs in large pro- 
portions, increasing in quantity as the milk-sugar disappears, 
or, in other words, as the amount of lactic acid increases. It, 
therefore, appeared to us that, in this salt-soluble product, we 
were dealing with some compound of paracasein and lactic acid, 
probably a paracasein lactate. 

(2) Artificial preparation of paracasein lactate.— It seemed 
desirable to attempt the artificial preparation of the salt-soluble 
product, and to ascertain if it were identical with the substance 
extracted by a dilute solution of sodium chloride from newly- 
made cheese. For the purpose of this comparison, the following 
experiment was undertaken in the artificial preparation of the 
salt-soluble product. 

We coagulated about 6 liters of skim-milk by rennet at 86° F. 
(30° C.). The resulting curd was well washed with water, 
drained and then treated for one-half hour at 122° F. (50° C.,) 
with 3 liters of a 1 per ct. solution of lactic acid. By this treat- 
ment a turbid solution was obtained, which was filtered from 
the large residue remaining undissolved, through cloth first and 
then through absorbent cotton. This filtrate, neutralized with 
dilute potassium hydroxide, gave a copious precipitate, which 
was filtered, washed with water, and redissolved in 1 liter of 
0.5 per ct. solution of lactic acid. This solution was filtered 
and reprecipitated by dilute alkali, and the process of redissolv- 
ing, filtering, and reprecipitating was repeated twice. The re- 
sulting product was finally well washed with water, suspended 
in 95 per ct. alcohol for 2 days and, after removal of alcohol by 
filtration, was extracted 24 hours with ether and dried at 212° 
F. (100° C.). The substance thus prepared was firm and leathery 
in texture, greatly resembling in physical properties the 
product prepared from the salt-extracts of cheese. To all ap- 


e 
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pearancés, the lactic acid had simply combined with the para- 
casein, forming a compound soluble in slight excess of acid and 
insoluble in neutral solutions. 

(3) Preparation of paracasein lactate obtained from cheese.— 
Cheese about 3 months old was extracted with a 5 per ct. solu- 
tion of sodium chloride. To 6.5 liters of this extract, lactic 
acid was added to the extent of 0.2 per ct. by volume, produc- 
ing a flocculent precipitate that rapidly settled. The precipitate 
was filtered and allowed to drain in order to remove the large 
amount of salt adhering. The filtrate gave no further precipi- 
tate on addition of more lactic acid. The precipitate was com- 
pletely soluble in 0.5 per ct. solution of lactic acid, and this 
acid solution gave an abundant precipitate when neutralized by 
dilute alkali. This neutralization precipitate was filtered, well 
washed with water, and then treated, in every respect, as 
described above in the preparation of the artificial product. In 
this way, 20 grams of each product were obtained. 

Comparison of natural and artificial products. — The old 
method of comparing two products by the results of ultimate 
analysis, in order to establish their likeness or unlikeness, is 
now recognized as faulty, especially in the case of proteid 
bodies. Only by cleavage and by quantitative estimation of cer- 
tain end-products can a reliable basis be found for determining 
the question of similarity of structure in different compounds. 

Determinations of nitrogen, phosphorus, and ash were made 
in the two products. In addition, an amount of each proteid 
weighing 10 grams was hydrolyzed by boiling 14 hours, on a 
sand-bath, under a Liebig condenser, with 60 grams of water 
and 30 grams of sulphuric acid of sp. gr. 1.84. In the resulting 
liquid, ammonia and the hexon bases were determined according 
to the method of Kossel and Kutscher.? The results are given 
in Table III, together with similar figures obtained by Hart 
with casein’? prepared directly from milk by the use of acetic 
acid without rennet. 


Zeit. f. Physiol. Chem. 31: 165 (1898). 
10Tbid. 33: 347 (1900). 
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TABLE III1.—CoMPARATIVE COMPOSITION OF NATURAL AND 
ARTIFICIAL PrRopUCTS. 








! 
NirROGEN EXPRESSED AS PERCENTAGE | 
or Torat NirroGEN IN Form oF | 


é | Phos- | 
Nitrogen. phorus: Ash, 








Ammonia.) Histidin.| Arginin. | Lysin. 








Per ct. | Per ct. | Per ct. 




















Deity} sy Bilt 2. Guba DiSbd ole ts 





Natural product..| 7.65 | 2.36 |, 7.77.) 2.21.) 15.12 | 0.70 || 1.51 
Artificial product. 7.66 |) 2.21 7 "8.08" |}! 2.02 15.30 | 0.91 | 1.12 
Case@inuiss. srizo.. 7.34 | 3.66 








The results embodied in Table III indicate a striking sim1- 
larity in structure between the salt formed by paracasein with 
lactic acid found naturally occurring in cheese and that artifi- 
cially prepared, so far as the products of hydrolysis enable us 
to draw conclusions. This has reference simply to the linking 
of the nitrogen in the proteid as a whole. 

Later, it will be seen that what we had really prepared in 
both cases was the saturated salt formed by paracasein with 
lactic acid and not the unsaturated salt; and, as we shall show, 
the unsaturated salt is the one soluble in dilute solution of 
sodium chloride. The formation of these combinations with 
acids probably does not involve any deep-seated rupture of the 
proteid molecule, as can readily be inferred from the results 
given in Table III with casein, which furnishes both saturated 
and unsaturated salts with acids. It is evident that, in the 
preparation of the artificial salt identical with the proteid ex- 
tracted by common-salt solution from cheese, the chief, if not 
the only, active factor is an acid. 


SALTS FORMED BY COMBINATION OF PARACASEIN WITH ACID. 
Action of lactic acid used in different amounts wpon paracasem. 
—in the manufacture of cheese, the lactic acid that combines 
with paracasein is formed by fermentation of milk-sugar, the 
lactic acid combining with the paracasein as rapidly as the acid 
is formed. It appeared desirable to study the action of lactic 


acid, used in different amounts, as it is formed in the fermenta- 
12 
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tion process, upon paracasein under well-controlled conditions, 
and also to compare this action with the one taking place when 
pure dilute lactic acid acts upon paracasein directly without 
any fermentation. For this purpose it was desired to secure 
paracasein or cheese-curd as free as possible from acid. In 
order to prevent all acid fermentation, very fresh, sweet milk 
was treated with ether. In this way it was possible nearly to 
eliminate the formation of paracasein compounds of lactic acid 
at the beginning of the experiment and have as our original 
working material paracasein as nearly as possible free from 
salt-soluble compounds. Two analyses of paracasein, thus pre- 
pared, showed the presence of 3.90 and 4.34 per cent. of the 
total nitrogen in the form of a salt-soluble compound. Several 
bottles were prepared in the following manner: We placed in 
each bottle 25 grams of the carefully prepared cheese-curd or 
paracasein, ground with sand, and added 50 ce. of water; the 
mixture was thoroughly shaken, and then sterilized. To this 
common mixture, various additions were made in the different 
bottles as indicated below: | 

Series A received 0.5 gram of sterile milk-sugar and a pure 
culture of lactic-acid organism. 

Series B, 1 gram of sterile milk-sugar and lactic-acid organism. 

Series C, no milk-sugar and organism. 

Series D, 0.5 gram of pure lactic acid and no organism. 

Series E, 1 gram of pure lactic acid and no organism. 

Series F, 1.5 grams of pure lactic acid and no organism. 

All the bottles were kept at 60° F. (15.5° C.) and analyses 
were made at different periods, as indicated in Table IV. 
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TABLE I1V.— INFLUENCE OF DIFFERENT AMOUNTS oF Lactic ACID 
ON PARACASEIN. 



































Nigrorens 
| Gr A f Pr en Precipitate | 1” seca “4 
Beviee [OP mailte|' iaistare | 'inikntear ta [AIO N!OM iaprienred [eer enible 
sugar | when ana- | mixture when neste line Bb catel hates ae ath pressed as 
used. lyzed. analyzed. water extract. extract. ede ee 
nitrogen. 
A 0.5 | 2 weeks..| Trace...... 3.9 YiGgr? 7), 30.36 
A 0.5 | 2 weeks.| None...... 4.3 Yess yoy” ful 
B 1.0 | 2 weeks.; Considerable 5.4 a OB, Ges 9 23.31 
B 1.0 | 2 weeks.| Considerable 5.2 NES ites 20.60 
C 0 2 weeks.| None...... 1,2 N On sir 3702 
C 0 2 weeks.| None...... 1.0 NOE Jy: 3.75 
A 0.5 1 month.| None...... 4.45 BY is aa 40.65 
A 0.5 1 month.; None...... 3.9 "ese: +... 28 .46 
B 1.0 1 month.) Small amt.. 6.2 Yes,. 4. . 9.76 
B 1.0 1 month.) Small amt.. 4.9 NS RE ee Tas2 
C 0 1 month.| None...... 0.6 Nov“? 0: 3Ub2 
C 0 1 month.; None...... 0.8 Noe. fet 4.07 

Lactic 

acid. 
D 0.5 Bont ee eee. | 3.4 Yes 44.72 
E 1.0 So tmonths. 4. FO A 6.4 Yess. 0%: 2°17 
F 1.5 BOTOT GT ee pce cake 11.4 OS ts to 1.62 
Attention is called to certain facts shown by the data em- 


bodied in this table. 

1. When we used 0.5 gram of milk-sugar, the maximum 
amount of the product soluble in dilute solution of sodium 
chloride was found only after the milk-sugar had completely 
disappeared, as can be seen by comparing Series A at 2 weeks 
and 1 month. 

2. When we used 1 gram of milk-sugar, the largest amount 
of salt-soluble product was formed, while considerable sugar 
was still present. As the acid fermentation of the milk-sugar 
continued, the amount of salt-soluble product rapidly decreased. 
This is shown by comparing Series B at 2 weeks and 1 month. 

3. We see the same truth illustrated in Series D, E, and F, 
where we added pure lactic acid directly in the different quan- 
tities indicated. When we added 0.5 gram of lactic acid, there 
was formed a large amount of salt-soluble product, nearly 45 
per ct. of the total nitrogen appearing in this form. However, 
when we used 1 and 1.5 grains of pure lactic acid, there was 
practically no salt-soluble product formed. 
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4, Even in the cases where the largest amounts of lactic acid 
were used, the acid disappeared as free acid. This was shown 
by making a titration of the water-extract of the curd with +5 
sodium hydroxide, using phenol-phthalein as indicator. It is 
readily seen that the number of cc. of alkali required for neu- 
tralization represents a very small amount of acid, compared 
with that furnished in Series. A, B, D, E, and F. The acid 
had largely combined with paracasein to form products only 
slightly soluble in water. 

The question may be raised here as to what it is in the water- 
extract that neutralizes alkali. In Series C it is, in all proba 
bility, direct neutralization by proteid, as no acid was present. 
In Series F, on the other hand, there is probably some free 
acid, aS an excess of acid was used. In most cases, however, 
the neutralization is due, apparently, to a water-soluble com- 
pound of acid and proteid, as shown by the fact that only in 
cases where acid was furnished, whether by fermentation or by 
direct addition, a precipitate appeared on neutralization, and 
such a precipitate would be expected only in the case of a 
combination of acid with proteid. The larger the amount of 
alkali required by the water-extract for neutralization, the more 
abundant was the precipitate appearing on neutralization. 

Just here, the main point we desire to consider is an explana: 
tion of the fact to which attention has been called above, viz.: 
that from a given amount of paracasein treated with a certain 
amount of lactic acid, we obtain a maximum yield of our salt- 
soluble product; while an increase of acid beyond a given 
‘amount decreases the yield of salt-soluble product. We might 
naturally expect that increase of acid would yield an increase 
of salt-soluble product from a given quantity of paracasein. 
How can we explain this? The explanation that agrees most 
satisfactorily with the experimental data at hand in this: Para- 
casein combines with lactic acid in at least two different pro- 
portions, forming two distinct compounds. One of these com- 
pounds is the unsaturated salt and is soluble in dilute solutions 
of sodium chloride; it is this compound that is present in normal 
cheddar cheese. The other compound is the saturated salt 
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formed by the combination of lactic acid with paracasein and 
is insoluble in dilute salt solution. 

(2) Salts formed by combination of paracasein with other 
acids.— Paracasein forms salts also with other acids. Mr. A. J. 
Patten, has determined for us the amounts of acetic, hydro- 
chloric, and sulphuric acids required to form the unsaturated and 
saturated salts. In each case, acid was added to 25 grams of 
fresh curd, previously ground with sand, suspended in water, 
and finally extracted at 122° F. (55° C.) with a 5 per ct. solution 
of sodium chloride. 


TaBLeE V.— ForMATION OF COMPOUNDS BY PARACASEIN AND 
DIFFERENT ACIDS. 

















Acetic acid. | Hydrochloric acid. Sulphuric acid. 
Grams of acid used.......... 0.5}. 1.0) 0.15] 0.25] 0.50) 0.15; 0.25] 0.50 
Percentage of total nitrogen 
found in form of salt-soluble 





COTTE ESE OE Pp an gee 70.0) . 5.3/27.3 |53.0 | 5.7 }19.5 141.5 | 2.4 








In this table the same general results are seen as in the 
case of lactic acid. A certain amount of acid forms with a 
given amount of paracasein a maximum quantity of salt-soluble 
product, and increase of acid beyond this quantity forms a 
compound not soluble in dilute salt-solution. 

It also appears from the results given in Table V that min- 
eral acids are required in smaller amounts than organic acids 
to saturate paracasein completely. 


SALTS FORMED BY COMBINATION OF CASEIN WITH ACIDS. 

(1) Formation of unsaturated casein salt.—We can show that 
casein readily forms an unsaturated and a saturated salt with 
an acid. In preparing the unsaturated salt, we used 5 cc. of 
freshly drawn milk, diluted it with 50 ce. of water, warmed 
the solution to 104° F. (40° C.), and then added 7, hydro- 
chloric acid until the resulting precipitate settled with a clear 
supernatant liquid, which required 2.7 ce. To this mixture we 
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added 2.5 grams of sodium chloride, thus making a 5 per ct. 
salt-solution. On warming, the unsaturated casein chloride 
completely dissolved. The experiment was repeated several 
times with a uniform result. On adding more acid to the salt- 
solution, the proteid reprecipitated as the saturated chloride 
of casein. Casein behaved toward acetic acid in the same 
manner, 

(2) Determination of amount of 7, hydrochloric acid required 
to saturate casein.— Fresh milk was drawn from a cow directly 
into a bottle containing ether, thus checking all acid fermenta- 
tion. We diluted 5 cc. of this milk, containing .0261 grams of 
nitrogen, with 50 ce. of water that had been boiled free from 
all carbon dioxide. We warmed the mixture to 104° F. (40° C.) 
and added 10 ce. of ;% hydrochloric acid. It was desired now 
to determine the amount of hydrochloric acid that had not 
combined with casein. Determinations of the uncombined acid 
did not give uniform results, when the titration was made 
directly after the addition of acid. We therefore employed the 
method of using calcium picrate." We added 5 cc. of a neutral 
solution of calcium picrate to precipitate all proteids com. 
pletely. The precipitate was filtered, and the filtrate titrated 
with 7, sodium hydroxide, using rosolic acid as an indicator. 
The reactions taking place can be represented, theoretically, 
as follows: 

Casein (O I),+ 3HCI (excess)=Casein Cl, + 2H,O + HCI. 

Casein Cl,+Ca picrate + HCl=Casein picrate + CaCl,+ 11Cl. 

When calcium picrate is used, the chlorine which was com- 
bined with casein is changed into calcium chloride and, in this 
form, does not interfere with titration by alkali. Thus, we 
are able to determine more satisfactorily the amount of acid 
left uncombined with proteid. 

In the experiment employed, it required 7.4 cc. of ,5. sodium 
hydroxide to neutralize the excess of acid, indicating that 2.6 
ce. of acid had entered into combination with .0261 grams of 
proteid nitrogen. Using 6.39 as the nitrogen factor of casein, 
0261 gram of nitrogen is equivalent to 0.167 gram of casein, 
and this amount combined with 2.6 ce. of ; hydrochloric 





“Rohrer. Archiv f. Physiol., 90: 368 (1902). 
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acid, or 1 gram of casein would require for complete saturation 
15.6 ce. of 7, hydrochloric acid. The work, repeated on 5 cc. 
of milk containing .031 gram of nitrogen, gave 15.9 cc. of ;', 
hydrochloric acid as the amount required to saturate 1 gram 
of casein. 

In the manner in which this work was done, it is recognized 
that we were dealing not with casein alone, but with the two 
principal proteids of milk, casein and albumin. However, there 
is no reason to believe that the results would be essentially 
different with pure casein. We shall later secure results with 
casein alone. 

(3) Deternination of amount of 74 hydrochloric acid required 
to saturate the unsaturated salt of paracasein.— To 50 cc. of the 
salt-extract of some curd, containing .058 gram of nitrogen in 
the form of the unsaturated hydrochloric acid salt of para- 
casein, we added 10 ce. of 4 hydrochloric acid for the purpose 
of converting the unsaturated into the saturated salt. We 
then added 5 cc. of neutral calcium picrate to facilitate clear 
filtration. The mixture was filtered, the precipitate washed, 
and the filtrate treated with ;, sodium hydroxide, rosolic acid 
being used as indicator. Neutralization required 7.1 cc. of 75 
sodium hydroxide. Hence, to saturate the salt-soluble com- 
pound, equivalent to .058 gram of nitrogen, required 2.9 cc. ;'; 
hydrochloric acid. Using 6.39 as the nitrogen factor of para- 
casein, it required 7.83 cc. of ;4 hydrochloric acid to convert 
1 gram of the unsaturated into the saturated hydrochloric acid 
salt of paracasein. 

We saw above that it required from 15.6 to 15.9 ce. 74, hydro- 
chloric acid to saturate milk-casein completely, or, more strictly, 
casein mixed with a small amount of milk-albumin. Now, the 
amount of 55, hydrochloric acid required to convert the unsaturated 
into the saturated hydrochloric acid salt of paracasein, 7.83 cc., is 
just one-half of 15.7 cc., the amount of ;*; hydrochloric acid 
required to form a saturated compound. Hence, the amount of 
combined acid in the saturated salt is twice that in the unsatu- 
rated salt; in other words, the unsaturated salt appears to be 
a mono-acid salt, and the saturated a di-acid salt. These results, 
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it is true, were obtained, in one case, with milk-casein not 
strictly pure and, in the other case, with the paracasein deriva- 
tive of milk-casein, and it may be thought that results secured 
in this way do not justify the conclusion drawn in regard to the 
existence of two such distinct combinations of an acid with 
casein and paracasein. But, aside from the data presented here, 
there is abundant evidence that both milk-casein and paracasein 
form at least two salts, corresponding to a half-saturated or 
mono-acid salt, and a saturated or di-acid salt. 


POSSIBILITY OF AN ADDITIONAL COMPOUND OF PARACASEIN WITH ACID. 


There is evidence that small amounts of acid can disappear in 
cheese-curd without a corresponding increase of salt-soluble 
compound. This fact is illustrated by the following experiment: 
We coagulated with rennet 3 liters of freshly drawn milk, to 
which ether had been promptly added, and then warmed the 
milk to 107° F. (42° C.) in order to shrink and harden the curd. 
Portions of 25 grams each of this curd were ground with sand, 
placed in Erlenmeyer flasks, covered with 100 ce. of water, 
heated for 10 minutes at 185° F. (85° C.) to check completely all 
acid fermentation, and then treated with different amounts of 
lactic acid. After standing one hour, with occasional shaking, 
the curd in the different flasks was extracted, first with small 
amounts of water and then with 500 cc. of 5 per ct. solution of 
sodium chloride. In 50 cc. of each of these extracts, the nitrogen 
was determined by the Kjeldahl method. The results are given 
in the following table: 


TABLE VI.—AMouNTS OF SALT-SOLUBLE COMPOUND FORMED BY 
DIFFERENT AMOUNTS OF ACIDS. 








Grams of lactic acid used.......... 0 0.02) 0.05} O. 101 0.20 0.50 


Percentage of total nitrogen in form 
of salt-soluble compound........ 6.0 | 7.0°) 8:1.) 8.05) 2370 eens 











The amount of salt-soluble compound was not proportionately 
increased by the use of .02, .05 and .10 gram of lactic acid for 
25 grams of curd; but when an additional .10 gram of lactic acid 
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was used, bringing the total up .20 gram of lactic acid, there 
was a large increase of the salt-soluble compound, and this was 
still greatly increased by additions of lactic acid above .20 gram 
up to .50 gram. It is possible that there may be formed with 
acids a paracasein salt containing still less acid than the half- 
saturated salt, or, it may be that the acid which disappears 
unites with some of the insoluble inorganic salts in the curd. 


SOLUBILITINS OF THE SALTS FORMED BY CASEIN AND PARACASEIN WITH 
ACIDS. 

(1) Saturated salts—-The saturated acetic and lactic acid 
salts of casein and paracasein, as well as the hydrochloric and 
sulphuric acid salts, are practically insoluble in all the media 
tried. They are insoluble in water; in 5 and 10 per ct. solutions 
of sodium chloride; slightly soluble in 50 per ct. boiling alcohol, 
practically insoluble at 122° F. (50° C.) in saturated solution of 
calcium carbonate, and in 2 per ct. solution of calcium lactate at 
122° F. (50° C.). They dissolve; of course, in excess of acid or 
dilute alkali. 

(2) Unsaturated salts——The unsaturated or half-saturated 
salt of each of the acids mentioned above is insoluble in water; 
completely soluble in 5 per ct. solutions of sodium chloride at 
180° to 140° F. (55° to 60° C.), not separating again on cooling, 
but entirely separating by dialysis in water; soluble in 59 per ct. 
boiling alcohol, but separating again on cooling; only slightly 
soluble in saturated solution of calcium carbonate at 122° F. 
(50° C.), or in 2 per ct. solution of calcium lactate. 

(3) Haplanation of Danilewsky’s error.—Danilewsky’s” early 
supposition, that casein consists of two proteid bodies separable 
by hot 50 per ct. alcohol, finds a reasonable explanation in the 
fact that the unsaturated salt formed by casein with an acid is 
soluble in 50 per ct. hot alcohol, while the saturated salt is insol- 
uble in this medium. When the usual method is employed of 
precipitating casein from milk by means of dilute acid, the 
resulting product can easily be a mixture of the unsaturated 
and saturated salts, the quantity of each present depending 


12Zeit. f. Physiol. Chem., 7: 227 (1883). 
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upon the amount of acid used in the precipitation. Danilewsky, 
in his work, used only enough hydrochloric acid to effect a good 
precipitation of milk-casein and thus he formed more or less of 
the unsaturated salt, soluble in hot 50 per ct. alcohol. Thus, it 
is easy to understand how he came to the erroneous conclusion 
that milk-casein consists of two proteids. - } 

(4) Relation to Freudenreich’s work.— It will be noticed that 
the solubility of the two salts in solution of calcium carbonate 
or calcium lactate is slight. In the case of the saturated para- 
casein salt, it was found in one experiment that only 1.2 per ct. 
of the salt was soluble in saturated solution of calcium carbon- 
ate at 122° F. (50° C.) and only 1.12 per ct. was soluble in a 
2 per ct. solution of calcium lactate at 122° F. (50° C.). The 
unsaturated paracasein salt had a solubility of 5.01 per ct. in 
calcium carbonate solution and 4.70 per ct. in the calcium 
lactate solution. 

The determination of these solubilities was made in the hope 
of finding some explanation of the results obtained by Freuden- 
reich® in his studies relating to the power of lactic-acid organ- 
isms in effecting proteolytic changes in milk-casein. Freuden- 
reich found that sterile milk, treated with powdered calcium 
carbonate and then seeded with certain lactic-acid-producing 
bacteria, showed an increase of soluble nitrogen-compounds, in 
both caseoses and amides. He determined the soluble nitrogen 
by passing the milk through a Chamberland filter. He does 
not state the amount of total nitrogen in the milk at the begin- 
ning of the experiment but only the amount of soluble nitrogen. 
Assuming that the milk used by Frendenreich contained 0.5 per 
ct. of total nitrogen, the average of milk, and recalculating his 
results in percentages of total nitrogen, we obtain the data given 
in the following table: 


13..andw. Jahr. d. Schweiz., 12: 279 (1898). 
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TasBLe VIJ.— Resuuts or FREUDENREICH CALCULATED ON BASIS 
oF TotaL NITROGEN IN MILK. 


Soluble Amide 











nitrogen, | nitrogen, 
expressed | expressed 
AGE OF MILK WHEN fas percent- as percent- Organism used. 
ANALYZED. age of total age of total 
nitrogen in|nitrogen in 
milk. | milk. 
Beginning of experiment. Ostrene S.C poaes .  e  c s tere ee 
Sie oy ah ek MIR died, Sle iii 47.0 | 34.6 Milk culture Bac. ¢ from rennet. 
RVRIREEREIUINS So? ese 4, 5.00 oes 44.4 30.2 Milk culture Bac. ¢ from cheese. 
LEaOU LOB Es ede 4 AO G2 ANE A A Milk culture Bac. ¢ from cheese. 
Pamanuiss... ot... 2s 42.8 | 28.0 Bac. a and Bae. ¢. 
POH; oo ote Ue es, 18.8 | 10.6 Bac. a. 


The amounts of soluble nitrogen reported by Freudenreich as 
being formed by the action of different lactic-acid-producing 
organisms are considerable. Moreover, it is to be noticed that 
quite large amounts of amide nitrogen are formed. While there 
were in the flasks used solutions of calcium carbonate and of 
calcium lactate, we can not explain the relatively large amounts 
of soluble nitrogen by the solubility of either the saturated or 
unsaturated lactates of casein in solution of calcium carbonate 
or lactate. Whether his explanation is correct or another is to 
be found, Freudenreich’s results clearly represent actual pro- 
teolytic changes of casein. 

Nicholson’ repeated Freudenreich’s work, using the common 
lactic acid bacterium found in cheese, but failed to find any pro- 
teolysis of casein. Nicholson says: ‘“ In some cases, the table 
shows a slight increase in soluble nitrogen, where the calcium 
carbonate has been added; in others, there is no increase. In the 
uncarbonated milk there is absolutely no increase in any case.” 
The slight increase reported by Nicholson in the case of the miJk 
containing calcium carbonate can readily be explained on the 
basis of the slight solubility of the lactic-acid salts of casein in 
solution of calcium carbonate or calcium lactate. 

We have recalculated a portion of Nicholson’s results on the 
same basis as that used with AES ss figures, and give 
them in the table following. 


14¢Thesis for Master’s Degree—Univ. of Wis. 1902. 
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Taste VIII.— Resuuts or NicHouson’s WorK wirH Lactic AcID 









































BACTERIA. 
Wirnout CatciumM CARBONATE. Witu Cancium CARBONATE. 
Soluble | Amide | Soluble Amide 
nitrogen, | nitrogen, | nitrogen, nitrogen, 
Age of expressed as | expressed as | Age of expressed as | expressed as 
milk when percentage | percentage | milk when percentage percentage 
analyzed. of total | Of total ss4 analyzed. of total of total 
nitrogen in nitrogen in nitrogen in nitrogen in 
milk. | milk. milk. milk. 
ip 8.8 g8 OES Ore a 9.6 | 4.0 
0Sa3 9.2 3.6 | Oi: 9.8 4.0 
59 days | 13.2 ee 28 days | 18.0 4.0 
59 days 12.6 o:O° 3} >..20 Gaysen 21.8 2.8 
450 days 10.2 1.4 Vee Fé days 12.6 pe. 
450 days 8.4 trace | 257 days | 12.2 trace 
nitiiabety- blogeoltast [freweitiby: | 314 days | 13.2 2.8 
RRO FIERA eG, Fae tee pe tae a eae || 314 days | 12.0 3.2 
PES DO POR RE Ee | hp Arey nor! 450d bys 9U 12.6 trace 
ee eR nt ee See ey pene | 450 days | 14.0 trace 
| | 








In some of our future work bearing more directly upon the 
chemical changes taking place during the process of cheese- 
ripening, we shall have occasion to refer to this subject again. 


RELATION OF THE UNSATURATED PARACASEIN LACTATE TO THE 
CHEDDAR PROCESS OF CHEESE-MAKING. 


As previously stated, it has been supposed that the presence of 
lactic acid was, in some way or other, responsible for, or asso- 
ciated with, some of the most important changes taking place 
in the curd during the cheese-making process, such as the ac- 
quired ability to form strings on a hot iron and the change in 
appearance and plasticity of curd; but no one has previously 
been able to show beyond question that these changes were actu- 
ally brought about by an acid, or in what way they were accom- 
plished. We purpose now to show the intimate relation existing 
between the presence of unsaturated paracasein lactate and some 
of the important changes occuring in the curd during the proc- 
ess of making cheese. 

(1) Property of curd to string on hot iron due to unsaturated 
casein lactate.-—We coagulated by rennet about 27 liters of milk, 
properly ripened for cheese-making, and carried on the process 
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of treatment in the usual normal manner employed in manu- 
facture. At different intervals, samples of curd were taken in 
order to determine the amount of salt-soluble compound 
present; also, samples of whey were taken at the same time for 
the purpose of determining the amount of milk-sugar. The 
changes took place rather slowly in this instance, owing to the 
fact that the milk was more than usually sweet for cheese. 
making purposes; that is, it was so fresh as to contain only 
small amounts of lactic acid at the start. 
We present here our results in tabular form. 


TABLE IX.— INCREASE OF SAL'tT-SOLUBLE COMPOUND IN CURD WITH 
DECREASE oF MiLK-SuGAR IN WHrEy. 











en seee 
2 2 30 ota ° T f 
Lele eld Sh de ee alkowacat Remarks. 
salt-soluble in whey. 
compound. 
Rennet added at 
9.30 a. m. | 
Reclock 2.01... 5.0 4.75 | Curd did not string. 
12 o'clock m....... Gobi Sprseairy Curd just began to string. Whey 
removed from curd. 
4o’clock p.m.... 31.7 1.83 | Curd formed strings 1 inch long. 
Curd put in press. 














The results in this table show that as the amount of salt- 
soluble compound present in the curd increased, the curd 
acquired the property of forming longer strings on the hot iron. 
That this was due to the increase of salt-soluble compound is 
confirmed by the fact that the unsaturated salt of casein lactate 
itself, when isolated from curd or cheese, forms on hot iron beau- 
tiful, fine, silky threads, of almost any length desired. The 
same is true also of the product artificiaily prepared. 

(2) “ Breaking-down” process in curd due to formation of un- 
saturated paracasein lactate. 





After the whey is removed from 
the curd in the process of cheese-making, the curd is “ packed ” 
or “matted,” that is, piled in a heap, and kept in this condition, 
with occasional repacking, until it has gone through the regular 
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“ breaking-down ” process, in the course of which the curd under- 
goes several marked, easily discernible changes in physical 
properties. From a tough, rubber-like consistency, with a high 
water-content, the curd changes to a mass having a smooth, 
velvety appearance and feeling, and a softer, somewhat plastic 
consistency. The texture also changes so that the curd acquires 
a peculiar kind of grain and tears off somewhat like the cooked 
meat of a chicken’s breast. 

These marked changes in the physical properties of the curd 
can be most readily and satisfactorily explained by attributing 
them to the increasing quantity of the unsaturated casein lactate 
produced throughout the cheese mass, as the result of continuous 
formation of lactic acid by the fermentation of the milk-sugar 
present. These changes in the properties of curd take place 
Simultaneously with the formation of unsaturated casein lactate 
and do not take place in the absence of this compound. The 
softening of curd, or “ breaking-down ” process, is attributed by 


Duclaux to the action of vibrios, but this is certainly an error > 


so far as relates to American cheddar cheese. 

(3) Abnormal softening of curd on addition of salt, due to the 
presence of the unsaturated paracasein lactate.— It sometimes 
happens that, when curd is salted, it softens remarkably, appears 
to be slimy, and slips through the fingers when squeezed in the 
hand. This is a condition which has not been satisfactorily ex- 
plained; the usual explanation is that liquefying organisms have 
prevailed over all others and have dissolved some of the curd. 
The real explanation is as follows: When curd behaves, on salt- 
ing, in the manner described above, more than the usual amount 
of lactic acid has been formed, and, hence, more than the usual 
proportion of unsaturated paracasein lactate has resulted. When 
salt is added to such curd, we at once have a brine formed, which 
is capable of dissolving the unsaturated paracasein lactate con- 
tained in the curd, thus producing a pasty, soft, slippery mass. 

In an experiment in which we made cheese from pasteurized 
milk, we endeavored to simulate the action of lactic acid, as 
formed by fermentation in ordinary cheese-making, by substitut- 


/. =. - — 


es .™ 


a ae 
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ing in its place hydrochloric acid, added in small quantities from 
time tu time, both before and after the addition of rennet. Para- 
casein chloride was readily formed by the curd, but the use of 
somewhat too much acid produced an abnormally large propor- 
tion of the unsaturated salt, which, on addition of common salt, 
formed a mushy, slippery mass. The curd, in this condition, was 
suspended in water and more hydrochloric acid was added, result- 
ing in the production of a firm, exceedingly hard curd, due to 
the conversion of unsaturated into saturated paracasein chloride, 
the latter compound not being soluble in salt-solution. 

(4) Amount of unsaturated paracasein lactate in newly-made 
cheese.— In new cheese, fresh from press, prepared under normal 
conditions, we have found as much as 78.5 per ct. of the nitro- 
gen-compounds present in the form of unsaturated paracasein 
lactate. The proportions of this compound in new cheese depend 
upon a variety of conditions, which we are engaged in studying. 
It appears probable that, in the case of normal, newly-made 
cheese, the nitrogen-compounds consist mainly of unchanged 
paracasein and unsaturated paracasein lactate, the latter com- 
pound being present in large proportions. Saturated paracasein 
lactate probably does not occur in normal cheese, but only in 
cheese made with excessive acid, as, for instance, cheese made 
from sour milk. 


RELATION OF UNSATURATED PARACASEIN LACTATE TO CHEESE-RIPENING. 

As cheese ages, it undergoes various changes, passing frum 
an insoluble and flavorless substance into the palatable, more 
easily digestible, and nutritious material we use as food. The 
term “ripening” is applied to the general process that embraces 
these changes. Among the most extensive and profound changes 
occurring in cheese-ripening are those experienced by the nitro- 
gen-compounds of the newly-made cheese, chief of which is unsat- 
urated paracasein lactate. 

A large amount of bacteriological and chemical work has been 
done in order to ascertain the cause of the changes that occur in 
the nitrogen-compounds during the ripening of cheese. All of 


192 REPORT OF THE CHEMIST OF THE 


this work has assumed that paracasein formed the primary point 
of attack or starting point in these changes. Our results, pre- 
sented in the foregoing pages, suggest that unsaturated para- 
casein lactate, and not paracasein, is the real material with 
which the process of cheese-ripening commences. It is not our 
purpose, at this time, to go into the subject in more than a pre- 
liminary way. In connection with Table II, p. 174, attention has 
been called to the fact that the amount of water-soluble nitrogen 
in cheese, which is a general measure of the extent of cheese- 
ripening, increases at the same time that the unsaturated para- 
casein lactate decreases, and probably at the expense of the latter 
compound. 

The belief that the proteolytic changes of cheese-ripening actu- 
ally start with the unsaturated paracasein lactate receives con- 
firmatory evidence from the fact that, in the absence of un- 
saturated paracasein lactate in cheese, we have very incompiete 
proteolytic change. In order to establish beyond question the 
specific relation of unsaturated paracasein lactate to the pro- 
teolytic changes of cheese-ripening, we have under way numerous 
experiments in which preparations of pure unsaturated para- 
casein lactate are being subjected to the action of a variety of 
agencies, such as different enzymes and organisms that have 
been commonly associated with the different theories of cheese- 
ripening. 

Some results, already secured, appear to indicate that the first 
proteolytic changes in cheese-ripening are the result of peptic 
digestion of unsaturated paracasein lactate. In cheese, pepsin 
appears to act, not to any marked extent upon the proteid para- 
casein, but only upon its unsaturated compounds with acids. 
Hence, the function of an acid in cheese-making is the production 
of an unsaturated compound of paracasein with acid. This sug- 
gests that something of the same kind of action may be found 
to be true in the case of gastric digestion. It is well established 
that pepsin acts upon proteids in the stomach only in the presence 
of dilute acid. The function of the hydrochloric acid of the gas- 
tric juice, like lactic acid in cheese, may be the formation of com- 
pounds with proteids; in other words, it may be found that pep- 
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sin in gastric digestion does not act upon pure proteids but only 
upon their compounds with acids, in this case hydrochloric acid. 
While this general view has been held for some time, there have 
not, so far as we know, been any actual experiments previously 
made in testing the action of pepsin upon pure compounds 
formed by proteids with acids. We have done this only in the 
case of the unsaturated paracasein lactate, but this appears as 
the first instance to furnish proof in an individual case of what 
may be found true, in general, of all cases of peptic digestion. 
13 


METHODS FOR THE ESTIMATION OF 
THe PROTEOLYTIC COM PO WINIS ee 
TAINED IN CHEESE AND MILK.* 


L. L. VAN SLYKE AND E. B. Harv. 


INTRODUCTION. 


When milk-casein and its salts, or paracasein in cheese and 
its salts, are acted upon by dilute acids or alkalies under cer- 
tain conditions or by enzymes or by micro-organisms, the pro- 
teid bodies are split up, forming a variety of complex cleavage 
products. The extent and intensity of such proteolytic changes 
are measured by the proportions and kinds of the different 
compounds resulting from the decomposition. In the ripening 
process that takes place in cheese, we have an instance of 
extensive proteolysis in the case of the nitrogen compounds 
of the fresh cheese, due probably to the combined action of 
dilute acid, enzymes and micro-organisms. In our study of the 
causes that produce cheese-ripening and of the conditions that 
influence the process, we were, at the start, brought face to 
face with the difficulty involved in the lack of satisfactory 
methods for making quantitative separations and determina- 
tions of the products of cleavage formed. While we have well 
elaborated methods for estimating the amount of casein and 
albumin in fresh milk, these are of little aid in studying the 
products of their decomposition. Little attention has been 
given to the development of methods that are applicable to the 
products occurring in this field. Serious difficulties are in- 
volved in such a study. First, we know at present only in an 
extremely meagre and vague way the chemical constitution of 
milk-casein and its allied compounds. As regards the con- 
stitution of the various compounds formed by the proteolysis 





*A reprint of Bulletin No. 215. 
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of casein, we are largely in the dark, except in the case of 
some of the simpler ones. In the second place, this field is 
difficult to study, because the quantities of individual com- 
pounds that we have to work with are usually very small. 
Under these conditions, methods of quantitative separation 
must, at best, be regarded as largely empirical and more or 
less tentative. Instead of estimating individual compounds, 
about which our chemical knowledge is complete, we are com- 
pelled, in a large degree, to estimate groups of compounds, the 
individual members of which we know, for the most part, in- 
completely, or not at all. 

From the peptic digestion of casein, Chittenden has separated 
the proto- and deutero-caseoses,* and, from a tryptic digestion, 
a deutero-caseose and a peptone.2 Alexander® has separated 
hetero-caseose from a peptic digestion of casein, but only in 
small quantities. Many investigators have observed paranuclein 
or pseudonuclein, the insoluble residue remaining from the 
peptic digestion of casein or paracasein. Emil Fischer and 
P. A. Lavene! have obtained pyrrolidine-a-carbonic acid from a 
tryptic digestion of casein. 

By hydrolysis of casein with hydrochloric acid, Cohn? ob- 
tained l-parahydroxyphenyl-4-amidopropionic acid (tyrosine), 
l-ac-amidoisobutylacetic acid (leucine), amidosuccinic (aspartic) 
acid, ¢-amidoglutaric (glutamic) acid, a pyridine derivative, and 
ammonia; by the same means, Emil Fischer® has recently iso- 
lated, among the monoamido acids, in addition to products pre- 
viously obtained by others, amidovaleric acid, phenyl-a-amido- 
propionic acid (phenylalanine), pyrrolidine-?-carbonic acid, and 
probably amido-acetic acid (glycocoll). 

Among the crystallizable end-products which have been found 
in ripening cheese are the following: Tyrosine, leucine, histi- 
dine, a, -diamidocaproic acid (lysine), tetramethylenediamine (pu- 
trescine), pentamethylenediamine (cadaverine), lysatine, guani- 
dine probably, and ammonia. Most of these products have been 





1Studies in Physiol. Chem. Yale Univ., 2: 156 (1884-5). 
2Studies in Physiol. Chem. Yale Univ., 3: 66 (1887-8). 
3Zeit. f. Physiol. Chem., 25: 411 (1898). 

4Zeit. 7. Physiol. Chem., 33: 170 (1901). 

5 Ber. deut. Chem. Ges., 29: 1785 (1896). 

6Zeit. —. Physiol. Chem., 33: 151 (1901). 





196 REPORT OF THE CHEMIST OF THE 


recently reported by Winterstein and Thény’ as being found in 
emmenthaler cheese. Excepting cadaverine and guanidine, 
thev had also been previously found, though not reported, in 
American cheddar cheese in this laboratory. It is very prob- 
able that other amido compounds will be found sooner or later, 
among the products formed by the tryptic, if not the peptic, 
digestion of milk-casein and of cheddar cheese. 

In cheese we find, earlier or later, during the ripening process 
a series of compounds and groups of compounds, which, so 
far as we know at present, appear in something like the follow- 
ing order of succession: (1) Paracasein, (2) unsaturated para- 
casein lactate, (8) paranuclein (pseudonuclein), (4) caseoses (al- 
bumoses), (5) peptones, (6) amido-acid compounds, and (7) am- 
monia. After the early stages of ripening, we have present at 
the same time all these different compounds and groups. 

We will consider methods for the separation and estimation 
of the proteolytic products found, first in cheese, and, second, 
in milk, following the general order indicated above. It may 
be well to say at the outset that, in dealing with the separation 
of nitrogenous bodies so complex in composition as those men- 
tioned above and occurring in very variable quantities, we can, 
in the study of milk and cheese problems, hope, at present, 
only to approximate accurate quantitative results. While we 
have in the Nencki method a very accurate means of estimating 
ammonia, the methods used in separating peptones from amido 
compounds can not be relied upon to give us more than ap- 
proximate results. 


I. METHODS FOR THE SEPARATION AND ESTIMATION 
OF THE NITROGEN COMPOUNDS OF CHEESE. 


We will present our description and discussion of the methods 
used for the separation and estimation of the nitrogen com- 
pounds of cheese in the following order: 

1. Obtaining sample. 

2. Determination of total nitrogen in cheese. 

5. Extraction of water-soluble products. 


Feit. f. Phys. Chem., 36: 28 (1902), 
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4, Determination of total water-soluble nitrogen. 

5. Determination of nitrogen in the form of paranuclein. 

6. Determination of nitrogen in the form of proteids coagu- 
lable by heat in neutral solution. 

7. Determination of nitrogen in the form of caseoses (albu- 
moses). 

8. Determination of nitrogen in the form of amido-acid 
compounds. 

9. Determination of nitrogen in the form of peptones. 

106. Determination of nitrogen in the form of ammonia. 

11. Determination of nitrogen in the form of pasa inrated 
paracasein lactate. 


1. OBTAINING SAMPLE OF CHEESE. 


A sample of cheese is obtained for analysis by means of a 
cheese-trier, which enables one to secure a round plug of cheese 
about half an inch in diameter and four to six inches long. 
Four or five plugs are drawn, one within a short distance of 
the center of the cheese, one about an inch from the outer 
circumference, and the others at points equidistant between the 
two previous ones taken. Samples thus taken represent prac- 
tically all different conditions existing in the cheese. After 
each plug of cheese is removed, about an inch of the end hav- 
ing the rind is cut off and the rest placed in a well-stoppered, 
large-mouthed sample-bottle. The end with the rind is dipped 
once or twice in melted paraffin and then carefully replaced in 
the cheese, being pushed in a little below the surface. After 
all the plugs have been taken and the ends properly replaced 
in the cheese, some of the melted paraffin is poured over the 
surface to fill up and surround the depressions made by re- 
placing the ends of the plugs. This treatment generally insures 
the exclusion of mold and prevents abnormal loss of moisture 
in the portions of cheese near the holes left by the removal! 
of the cheese plugs. This is a matter of much importance, 
when one intends to keep the same cheese for one or two years 
for systematic examination. 

When one has taken all the plugs of cheese needed, the 
analysis should not be long delayed. The cheese in the bottle 


198 Report OF THE CHEMIST OF THE 


is cut into small pieces with a spatula and stirred within the 
bottle, in order to mix the whole into as homogeneous a mass 
as possible. 


2. DEYERMINATION OF TOTAL NITROGEN IN CHEESE. 

We weigh out 1 or 2 grams of the cheese, prepared as de- 
scribed above, for the determination of the total nitrogen and 
treat it according to the Kjeldahl-Gunning method, modified as 
follows: When the solution has become partially digested, we 
add a piece of copper sulphate about as large as an ordinary 
pea. Unless this is done, it will take a long time to convert 
the organic nitrogen completely into ammonia. 


3. EXTRACTION OF WATER-SOLUBLE PRODUCTS. 


In a porcelain mortar we thoroughly mix 25 grams of our 
cheese sample, prepared as indicated above, with about an 
equal bulk of clean quartz sand. This mixture is transferred 
to a 450 cc. Erlenmeyer flask, to which we add about 100 cc. 
of distilled water at a temperature of 50° C. The flask is then 
placed on a water bath or in some place where it can be kept 
at a temperature of 122° F. to 131° F. (50° C. to 55° C.), and is 
allowed to stand for half an hour, being vigorously shaken from 
time to time. The liquid portion is then decanted through a 
filter of absorbent cotton into a 500 ce. flask. The residue is 
again treated with 100 cc. of water, heated, agitated, and the 
liquid decanted as before. This process is repeated, until the 
filtrate after being cooled to room temperature, amounts to 
500 ce., exclusive of the fat, which usually is present at the 
top of the liquid. 

The cotton filter mentioned is made of two layers of absorb- 
ent cotton prepared as follows: In a glass funnel we place 
some absorbent cotton to the depth of about one inch, moisten 
this with water, in order to compact it, and then above this 
place another layer of cotton of the same thickness. Upou 
this we pour our portions of cheese extract. This kind of 
filter allows rapid filtration without the aid of a pump, and 
is as effective in every way as paper, which requires half a day 
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or more for complete filtration of 500 cc. of extract. Several 
samples of cheese can be extracted at the same time. The 
upper layer of cotton holds all solid particles and can be re- 
turned to the flask for extraction with salt-solution. 

The method of making a water-extract of cheese, as de- 
scrihed above, insures the complete removal of all water-soluble 
nitrogen compounds present in the cheese without danger of 
coagulating any soluble proteids. The use of water at room 
temperatures is not, in our experience, equally effective in 
making a complete extraction of the water-soluble products. 
Under some conditions, as in the early stages of ripening cheese 
at low temperatures, small amounts of a body are extracted 
by water which is precipitated by heat in neutral solution. 
We are unable to say at present whether this body consists 
of acid salts of paracasein or of hetero-caseose, which are prac: 
tically insoluble in water, or whether it is some other com- 
pound. The temperature 122° F. (50° C.) also has the advant- 
age of arresting further peptic or trypic action during the ex- 
traction. The use of acids in extracting cheese is to be avoided, 
since a small amount of acid will not only precipitate the solu- 
ble nuclein but may form salts with paracasein, which are 
somewhat soluble in a slightly acid solution; the amount of 
dissolved paracasein salts under such circumstances depends 
on the amount of acid used and the time of extraction. 


4. DETERMINATION OF TOTAL WATER-SOLUBLE NITROGEN. 

For the determination of the amount of total water-soluble 
nitrogen, we take 50 ce. of the water-extract, prepared as 
described above, equivalent to 2.5 grams of cheese, and treat 
it according to the Kjeldahl method for determining nitrogen. 


5. DETERMINATION OF NITROGEN IN THE FORM OF PARANUCLEIN 
(PSHEUDONUCLEIN. ) 

To 100 ce. of the water-extract, equivalent to 5 grams of cheese, 
we add 5 ce. of a 1 per ct. solution of hydrochloric acid, and 
warm the mixture on the water-bath at 122° F. to 131° F. (50° C. 
to 55° C), until complete separation takes place, as shown by a 
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clear supernatant liquid. The preciptate is filtered, washed with 
water, and then, with the filter paper, treated by the Kjeldahl 
method to determine the amount of nitrogen. The nitrogen equals 
nitrogen present in the form of paranuclein (pseudonuclein). 
In our early work we used 2 or 3 cc. of a saturated alum solu- 
tion for this determination, for the reason that, in the separation 
of casein in milk, we had used this reagent successfully; but at 
the time we did not know the nature of the body we were pre- 
cipitating from our water-solution of cheese. Later, when we 
had studied it and learned its character, we found, on comparing 


precipitations by use of alum and by hydrochloric acid, that alum_ 


gave high results, undoubtedly precipitating some caseoses. In 
27 comparative trials with water-extracts of different cheeses, we 
found in the alum precipitate nitrogen varying from 0.2 to 0.837 
per ct. of the cheese and averaging 0.269 per ct., while the nitro- 
gen in the hydrochloric acid precipitate varied from 0.046 to 
0.145 per ct. of the cheese and averaged 0.085 per ct. The nitro- 
gen precipitated by alum in these 27 cases was from 2.1 to 5.5 
times as much as that precipitated by hydrochloric acid, the 
average of all being 8.2. Since hydrochloric acid is known to 
precipitate paranuclein completely, we are justified in assuming 
that the alum precipitates other compounds, and this is con- 
firmed by other work, showing that when alum is used as the 
first precipitant, we get smaller quantities of caseoses in the 
filtrate than we do when we use hydrochloric acid as the pre- 
cipitant of paranuclein. Alum appears to resemble zinc sul- 
phate as a precipitant of proteids. 

Paranuclein {pseudonuclein) results from the breaking down 
of casein or paracasein and is always found in the water-extracts 
of ripening cheese, whether salted or unsalted. It may, perhaps, 
be regarded more accurately as a residue, and probably should 
not be counted as one of the products to be used in measuring 
the extent of cheese-ripening. This is undoubtedly the same 
body as Chittenden’s dyspeptone,’ which he found as an insoluble 
residue in a pepsin-hydrochloric-acid digestion of casein. 


8Studies in Physiol. Chem. Yale Univ., 3: 66 (1887-8). 
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6. DETERMINATION OF NITROGEN IN THE FORM OF PROTEIDS COAGU- 
LABLE BY HEAT IN NEUTRAL SOLUTION. 


The filtrate from the preceding determination (5) is made neu- 
tral with dilute caustic potash, using phenolphthalein as an indi- 
cator. It is then heated at the temperature of boiling water, 
until any coagulum that forms settles completely, leaving a clear 
supernatant liquid. The precipitate is washed with water and 
its nitrogen determined by the Kjeldahl method. In our experi- 
ence such a precipitate rarely occurs, except in the case of cheese 
ripened near freezing point. The nature of this body we have not 
yet investigated. 


7. DETERMINATION OF NITROGEN IN THE FORM OF CASEOSES 
( ALBU MOSES. ) 

The filtrate from the preceding determination (6) is treated 
with 1 ec. of 50 per ct. sulphuric acid, saturated with c. p. zine 
sulphate and then warmed to about 158° F. (70° C.), until the 
caseoses separate completely and settle. The mixture is allowed 
to cool and is then filtered. If filtered hot, there will occur a 
further separation of caseoses in the filtrate on cooling. The 
precipitate is washed with a saturated solution of zinc sulphate 
made slightly acid with sulphuric acid. The nitrogen in the pre- 
cipitate is determined by the Kjeldahl method. 

For the determination of caseoses the use of ammonium sul- 
phate was exclusively employed, until Bémer® proposed the use 
of zinc sulphate, which possesses a distinct advantage in enabling 
one to determine nitrogen directly in the precipitate or filtrate. 
This method has been employed in the estimation of caseoses 
also by the Wisconsin Agricultural Experiment Station. In the 
present state of our knowledge of this class of compounds, zine 
sulphate must be regarded as the most available reagent for their 
quantitative separation. 


8. DETERMINATION OF NITROGEN IN THE FORM OF AMIDO-ACID 
COMPOUNDS. 
The amido-acid compounds are determined in the filtrate from 
the precipitation of peptones (9). For the removal of peptones 
three reagents have been commonly used—(1) Tannin and 


Zeit. f. Analyt. Chem., 5: 562 (1895). 
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sodium chloride, (2) phosphotungstic acid with sulphuric acid, 
and (8) bromine with hydrochloric acid. After the removal of 
peptones, the filtrate contains amido-acid and ammonia com- 
pounds. After determining the amount of total nitrogen in this 
filtrate and then the amount of nitrogen present in the form of 
ammonia, as obtained in 10, p. 211, we subtract the amount of 
annnonia nitrogen from the combined amount of amido-acid and 
ammonia nitrogen and thus obtain the amount of amido-acid 
nitrogen. In the following section (9) we describe the methods 
involved in removing peptones by the different reagents, and the 
efficiency of each reagent. 


9, DETERMINATION OF NITROGEN IN THE FORM OF PEPTONES. 


(1) By tannin and sodium chloride-—We place 100 ce. of our 
water-extract of cheese in a 250 cc. graduated flask, add 1 gram 
of sodium chloride and a solution containing 12 per ct. of tannin, 
intil one drop added to the clear supernatant liquid gives no 
further precipitate. We then dilute to the 250 cc. mark, shake, 
filter through a dry filter and determine the amount of nitrogen 
in 50 cc. of the filtrate by the Kjeldahl method; this gives us the 
amount of nitrogen in the form of amido-acid and ammonia com- 
pounds. The amount of nitrogen in the form of peptones is 
determined by difference, that is, by subtracting from the amount 
of total nitrogen in the water-extract the combined sum of the 
amounts of nitrogen found in 5, 6, 7, 8 and 10. 

The combination of tannin and salt has been settled upon by 
us as the most satisfactory for the separation of casein-derived 
peptones from amido-acid compounds in milk and _ cheese 
analysis, when, as is commonly the case, we have large amounts 
of amido-acid compounds relative to peptones. We have con- 
firmed Schjerning’s’ results showing that this reagent does not 
precipitate the monoamido-acid compounds, such as_ leucine, 
tyrosine, aspartic acid, glumatic acid and amidovaleric acid, nor 
does it precipitate histidine, arginine, lysine, cadaverine, putre- 
Scine, lysatine or ammonia. In our work the tannin-salt solution 
has nearly as great a precipitating power as phosphotungstic 
acid, precipitating 93.3 per ct. of the total nitrogen compounds 


Zeit. f. Analyt. Chem., 39: 545 (1900). 
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present in a sample of fresh milk; in a study of ripened cheese, 
it precipitated the uncrystallizable end-products, caseoses and 
peptones, so completely that no further trouble was experienced 
in separating the crystallizable end-products. 

It is well to record the fact here that, when precipitation of 
peptones with tannin-salt solution is attempted in a mineral acid 
solution, no precipitate occurs; it is only in neutral solution that 
more complete precipitation takes place. 

The chief objection to the use of tannin-salt solution as a 
means of separating caseoses and peptones from amido-acid com- 
pounds and ammonia is that it is not a complete precipitant of 
peptones. Hence, when we use the reagent for this separation, 
we commonly leave some peptones to be estimated as amido-acid 
compounds, the amount of peptones thus being made smaller, 
and the amount of amido-acid compounds larger, than the quan- 
tity actually present. Under our discussion of the use of phos- 
photungstic acid as a reagent for separating these classes of 
nitrogen compounds, we will give for comparison some results 
secured by each of the two reagents. 

(2) By phosphotungstic acid with sulphuric acid.— In a 250 
ce. graduated flask we place 100 cc. of the water-extract of 
cheese, add 100 ce. of water and then 5 cc. of strong sulphuric 
acid. To this we add phosphotungstic acid of 30 per ct. strength 
until one drop gives no further precipitation in the clear super- 
natant liquid. We then dilute to the 250 cc. mark and filter 
through a dry filter. In 50 ce. or 100 ce. of this filtrate we deter- 
mine the amount of nitrogen by the Kjeldahl method and then 
the amount of peptones is obtained by difference. 

Phosphotungstic acid has come into very general use in this 
country and in Europe as a means of separating peptones from 
amido-acid compounds in work with cheese and milk. The work 
of Stutzer™ and of Bondzynski” agrees in showing that phos- 
photungstic acid is a complete precipitant of casein, caseoses 
and peptones, while in their experience it does not precipitate the 
amido-acid compounds or ammonia. Freudenreich and Jensen 
in all their work, even of recent date, have used this reagent in 


11 Zeit. f. Analyt. Chem., 35: 493 (1896). 
12Q.andw. Jahrbuch der Schweiz (1894). 
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the cold aS a means of separating peptones from amido-acid com- 
pounds. Babcock, Russell and Vivian in this country have used 
it, as well as tannin, designating the different precipitates as 
“peptones by phosphotungstic acid ” and “ peptones by tannin.” 

In the introductory portion of this paper, when mentioning 
different cleavage products of casein, we included among them 
the hexon bases, viz: arginine, histidine, and lysine, and, in addi- 
tion, certain compounds resulting from their cleavage, such as 
putrescine and cadaverine, and also pyrrolidine-a- carbonic acid, 
all of which are precipitated by phosphotungstic acid. While all 
these products have not been separated from ripening cheese, it 
is probable that they will be sooner or later. “We shall soon 
publish results of work done in this laboratory showing in 
normal ripening cheese the presence of histidine, lysine, putre- 
scine (derived from arginine) and Siegfried’s lysatine, which 
is also precipitable by phosphotungstic acid. The quantities of 
these bases that can be derived from casein are not to be 
neglected, since, for example, in the hydrochloric-acid cleavage 
15.4 per ct. of the nitrogen of the products splits off into the 
hexon bases. Bondzynski has used phosphotungstic acid in hot 
solution with arginine and finds the precipitate soluble when hot, 
separating out on cooling, and this statement we can confirm, the 
solution, however, being complete only on boiling. In the case 
of lysine, histidine, and putrescine, the phosphotungstic acid 
precipitate fails to redissolve completely at the temperature of 
the water-bath or on boiling. This behavior renders worthless 
the use of phosphotungstic acid as a reagent for the separation 
of peptones from those amido-acid compounds that are precipi- 
tated by it. | 

We have seen that tannin-salt solution fails to precipitate pep- 
tones completely and that phosphotungstic acid precipitates, 
in addition to peptones, some amido-acid compounds. When, 
therefore, we use these two reagents in precipitating solutions 
that contain both peptones and amido-acid compounds, as in thé 
case of normal ripening cheese, we should expect to find the 
amount of nitrogen compounds left in the filtrate less with phos- 


138A. Ellinger. Ber. deut. chem. Ges., 31: III: 383 (1898). 
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photungstic acid than with tannin. This is found invariably to 
be the case. Vivian! has published some results obtained with 
nine different cheeses which illustrate this point. We give his 
figures in the table following: 


TABLE J. — COMPARISON OF PHOSPHOTUNGSTIC ACID AND TANNIN- 
Saur SOLUTION IN PRECIPITATING THE NITROGEN COMPOUNDS 
CONTAINED IN WATER-EXXTRACTS,OF CHEESE. 


PERCENTAGE OF NITROGEN IN CHEESE FoUND IN FIL- 
TRATES AFTER PRECIPITATION BY— 
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Phosphotungstic acid....... ii 1.08/1 .00/0.82 0. 63/0.67|1.69)0.95)1.10/1.22)1.02 
Tannin-salt solution........./1.54/1.26/1. 20: 65/1 .16/1.87/1 08}1.36 1£4211;27 








In connection with the above results, nothing was stated in 
regard to the history of the cheeses used in the work. We have 
been able to study the action of phosphotungstic acid and tannin- 
salt solution in connection with samples of cheese that were 
under known well-controlled conditions, enabling us to know 
Something of the general character of the proteolytic changes 
taking place. We placed 25 grams of cheese curd in each of sev- 
eral Krlenmeyer flasks, added 50 cc. of water and sterilized the 
contents by heat. We then added .5 gram of concentrated lactic 
acid, in order to convert the paracasein into unsaturated para- 
casein lactate.’ To some of the flasks thus prepared we added 
sterilized pepsin, and to others sterilized rennet-extract. For 
this purpose the enzymes were prepared as follows: We dis- 
solved 600 milligrams of Parke, Davis & Co.’s aseptic pepsin 
in 25 cc. of water, added 0.5 per ct. of formalin (containing 40 
per ct. of formaldehyde), and let the solution stand until bac- 
teriological examinations, made by Mr. H. A. Harding, showed 
the absence of living organisms. The mixture was then diluted 
to 100 cc. with water, and to each flask containing cheese we 
added 10 cc. of this sterilized pepsin solution. One thousand 
parts of the mixture in each flask thus contained one part of 
pepsin. 


14Ann. Rept. Wis. Exp. Sta., 16: 171 (1899). 
15N. Y. Agr. Exp. Sta. Bul. No. 214:67 (1902). 
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In preparing the sterilized rennet solution, we diluted 5 cc 
of Hansen’s rennet-extract to 25 ce. with water, added 5 per 
ct. of formalin, proved the completeness of sterilization by 
bacteriological examinations, diluted to 100 cc. and added 10 
cc. of this preparation to each flask containing cheese. 

The flasks thus prepared were kept at 60° F. (15.5° C.). The 
analytical results given below were obtained at the end of two 
and four weeks. In this work we had only the enzymes of 
pepsin and of rennet-pepsin acting upon our proteid. Under 
these conditions, especially in the given length of time, we 
should not expect the formation of any considerable amount of 
amido-acid compounds precipitable by phosphotungstic acid. 
The results obtained are given in the following table: 


TaBLE II].—CoMPARISON oF PHOSPHOTUNGSTIC ACID AND TANNIN- 
SALT SOLUTION IN PRECIPITATING THE NITROGEN COMPOUNDS 
ForMEpD BY PEepric DIGESTION OF CHEESE. 








| PERCENTAGE OF NITROGEN IN CHEESE FOUND IN FILTRATE 
AFTER PRECIPITATION BY— 
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No. of sample... rod 2 M 3 | 4° /)°5 6 7 | 8) | Ave. 

Phosphotungstic acid.. 0.10 0.10)0.150 00. 175 0.10 0. 08 0.16, 0. 160. 128 

Tannin-salt solution... .| 0.45) 0.44.0. 0.645'0.685 0. 48) 0.46) 0.73] 0. sbi 574 
| 








In every case except one the amount of nitrogen not precipi- 
tated by tannin-salt solution was more than four times the 
amount obtained by phosphotungstic acid. No ammonia was 
present in any case. In view of these widely differing results 
in relation to the amounts of amido-acid compounds found, the 
questions may be asked: Which reagent more nearly repre- 
sents the amount of amido compounds actually present? Does 
the tannin-salt reagent fail to precipitate the peptones com- 
pletely, thus allowing the unprecipitated peptones to be counted 
among the amido-acid compounds? Or does the amount: of 
nitrogen in the filtrate in case of this reagent really represent 
amido-acid compounds? Does the phosphotungstic acid pre- 
cipitate some of the amido-acid compounds simultaneously with 
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the peptones, thus cutting out a part of the amido-acid com- 
pounds and counting that part among the peptones? Or is 
there in the cheese only the small amount of end-products in- 
dicated by the action of the phosphotungstic acid? 

While we did not by individual isolation determine to what 
extent amido compounds were present, we are justified in be- 
lieving that such compounds were not yet present in the cheese 
in any appreciable degree; and, hence, the figures obtained 
with phosphotungstic acid are much nearer the truth than those 
obtained by tannin-salt precipitation. We will state our rea- 
sons for this belief. The amido compounds precipitated by phos- 
photungstic acid are known to be chiefly the diamido com- 
pounds, while the monoamido compounds are precipitated little, 
if at all. Hence, the compounds found in the filtrate of a phos- 
photungstic acid precipitation are mainly monoamido com- 
pounds. Now let us assume temporarily that the amounts of 
nitrogen in the tannin-salt filtrate, given in the table above, 
represent the total amido compounds, free from peptones; 
then, since the monoamido compounds are represented by the 
amounts of nitrogen obtained in the phosphotungstic acid fil- 
trate, the difference between the two sets of figures, that is, 
those obtained by tannin-salt solution and those obtained by 
phosphotungstic acid, represents the amount of diamido com- 
pounds, Taking the average of the results given in the table 
above, the nitrogen of the total amido compounds is 0.574 per 
ct. of the cheese, while the nitrogen of the monoamido com- 
pounds is 0.128 per ct. of the cheese, thus leaving the difference 
as the nitrogen of the diamido compounds equivalent to 0.446 
per ct. of the cheese. According to these figures, the mono- 
amido compounds constitute about 22 per ct. of the entire 
amount of amido bodies, while the remainder, 78 per ct., repre- 
sents largely diamido compounds. In this case, the ratio of 
monoamido to diamido compounds is as 1 to 3.5. Keeping these 
data in mind, we will call attention to some work done by 
Hart!® in studying the cleavage end-products formed by the 
action of hydrochloric acid on casein. He found that the 
diamido compounds formed less than 20 per ct. of the total 





16Zeit. f. Physiol. Chem., 33: 247 (1901). 
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amido compounds, so that the ratio of monoamido to diamido 
compounds was as 1 to 0.25 or less; in other words, the mono- 
amido compounds were greatly in excess of the diamido com- 
pounds, or just the reverse of what we find to be the case in 
the results embodied in the table above, based on the assump- 
tion that the nitrogen in the tannin-salt filtrate represents the 
total amido compounds and nothing more. The most obvious 
and rational explanation of this discrepancy, observed in the 
ratio of monoamido to diamido compounds, is that it is wrong 
to assume that the tannin-salt filtrate contains only amido 
compounds and not any peptones. Withdrawing that assump- 
tion, then, and allowing that the nitrogen in the tannin-salt 
filtrate represents some peptones as well as the amido com- 
pounds, how can we tell in this particular case the true amount 
of amido compounds in the cheese. Unquestionably, the results 
with phosphotungstic acid more nearly represent the truth in 
regard to the amido compounds, because, under the conditions 
of the experiment, we should expect very small amounts of 
amido compounds, if any; and, in this particular case, .the 
amounts are so small as practically to indicate the absence of 
amido bodies altogether. From this it may be seen that it is 
possible for the tannin-salt reagent to give results that are 
decidedly misleading. 


(3) By bromine with hydrochloric acid.— To the filtrate from 
the zine sulphate precipitate in 7, we add 2 or 3 drops of strong 
hydrochloric acid and then bromine until the liquid becomes 
saturated and there remains after vigorous agitation an undis- 
solved globule of bromine amounting to 0.5 cc. to 1 cc. This 
is allowed to stand over night. The precipitate is then filtered 
and washed with bromine-saturated water. The nitrogen in 
the precipitate is then determined by the Kjeldah] method and 
is called nitrogen in the form of peptones, the filtrate contain- 
ing the amido-acid compounds and ammonia. 

The use of chlorine by Rideal and Stewart" in precipitating 
proteids suggested to Allen and Searle!’ the use of bromine. 
They reported that bromine quantitatively precipitates the prod- 


17 Analyst 22: 228 (1897). 
84 nalyst 22: 259 (1897). 
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ucts formed by the peptic digestion of egg-albumin and they 
developed the method practically as given above. As applied 
to the separation of peptones from amido-acid compounds in 
cheese and milk, the method gives varying results, depending 
upon the age of the cheese or milk used. 

In the case of our water-extracts made from cheese, nine 
months to a year old, crystalline bodies in noticeable quantities 
are precipitated by bromine along the peptones, due probably 
to the presence of tyrosine, giving the solution a turbid appear- 
ance and rendering filtration difficult. Schjerning! has shown 
that tyrosine behaves in this manner with bromine water. This 
precipitate is partly retained on the filter paper and is esti- 
mated as peptone. | 

Schjerning has shown also that bromine does not completely 
precipitate milk-proteids and their derived caseoses and pep- 
tones. Of the whole proteid, he obtained only 76.7 per cent. by 
bromine. In the case of milk, we have obtained results vary- 
ing with the age of the milk. ‘In perfectly fresh milk, when the 
amount of amido compounds must have been least, we obtained 
91.3 per cent. of the entire milk proteids by bromine precipita- 
tion. In another case of fresh milk, we compared the precipi- 
tation of proteids by bromine and hydrochloric acid with that 
by tannin and sodium chloride and by solution of phospho- 
tungstic acid and sulphuric acid, with the following results: 


Percentage of 


Precipitated by— total nitrogen 


Phosphotungstic. and sulphuric acids.............-..+.- 93.8 
Pamoanieand: SOdIUM CHIOTIAC a6 severe + sini, cisige LAB Rineous alte 93.3 
Peano snTid N VOTOCH OTIC, ACIG scotia acing © Lele wate ole laae ss 91.5 








There is also a possible source of error in connection with the _ 
use of bromine in precipitating peptones, when the filtrate from 
the bromine precipitate is used directly for the determination of 
amido-acid compounds. We have found in the case of water- 
extracts from cheese over one year old that there is an actual 
loss of nitrogen when bromine is allowed to stand in contact 


19Zeit. f. Analyt. Chem. 39: 545 (1900). 
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with the water-extract. In the case of one cheese two years old, 
the cheese extract, consisting of caseoses, peptones, and amido- 
acid compounds, contained nitrogen equivalent to 2.74 per ct. of 
the cheese before adding bromine, while, after standing one hour 
in contact with bromine in hydrochloric acid solution, there 
remained only 1.52 per ct. of nitrogen; in other words, there had 
disappeared 44.6 per et. of the nitrogen present before the addi- 
tion of bromine. In cheese one year old we have found the loss 
varying from nothing in one case to over 5 per ct. in others. 
To show whether or not this loss came from the action of bro- 
mine on the caseoses or peptones, we removed the caseoses with 
zinc sulphate and, in another sample of cheese extract, we 
removed the caseoses and peptones with phosphotungstie acid 
and the loss still occurred. By passing a current of air through 
the above extract in contact with bromine and then through 
potassium hydroxide and through sulphuric acid, these reagents 
were found free from nitrogen compounds, indicating that the 
lost nitrogen disappeared in the form of free nitrogen and not in 
the form of ammonia or nitrogen oxides. We cannot regard the 
method of determining the amount of peptones in cheese extracts 
by means of bromine as a reliable method; because, first, bromine 
precipitates small amounts of tyrosine and perhaps certain other 
similar compounds; second, it is not a complete precipitant of 
caseoses and peptones; and, third, its filtrate cannot be used for 
the determination of amido-acid compounds, especially in old 
cheeses, owing to the decomposing effect of bromine upon such 
compounds, setting nitrogen free. In addition, bromine is a 
most disagreeable reagent to handle. 

(4) Comparative value of different reagents used in separating 
peptones and amido-acid compounds.—We have now considered in 
some detail each of the three reagents most commonly used in 
separating peptones from amido-acid compounds, viz: (1) Tannin- 
salt solution, (2) phosphotungstic acid with sulphuric acid, and 
(5) bromine with hydrochloric acid. Tannin and salt solution 
fails as a perfect reagent for the separation, because it does not 
completely precipitate peptones, which results in making the 
quantitative results for amido-acid compounds too high and may 
indicate the presence of considerable quantities of amido com- 
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pounds even when they are practically absent. Phosphotungstic 
acid, on the other hand, completely precipitates peptones, but 
also precipitates some of the amido-acid compounds that are 
present in cheese and milk, and the consequence is that the 
amount of amido-acid compounds found is too low. Bromine 
is open to both objections,— it fails to precipitate peptones com- 
pletely and at the same time does precipitate some of the amido- 
acid compounds. While these two sources of error might tend 
to offset each other under certain conditions, we cannot depend 
upon such a method for reliable quantitative results. 

In our judgment, it is desirable, for best results, to use phos- 
photungstic acid to separate peptones and amido-acid com- 
pounds, when the amount of amido-acid compounds is relatively 
small as compared with peptones or when they consist mostly 
of monoamido compounds. This condition occurs in the early 
stages of cheese ripening and persists longer in cheese cured at 
low temperatures; it occurs also in milk and cheese acted upon 
by pepsin enzymes, especially in the presence of chloroform. 

Tannin-salt solution can be relied upon to give better results 
than phosphotungstic acid, when amido-acid compounds are 
present in proportions that are relatively large compared with 
peptones or when they consist largely of diamido compounds. 
The former condition prevails in normal cheese cured under 
usual conditions, especially after the first few weeks of curing. 


10. DETERMINATION OF NITROGEN IN THE FORM OF AMMONIA. 


We distil with magnesium oxide 100 ce. of the filtrate from the 
tannin-salt precipitation, passing the distillate into a standard- 
ized acid and titrating in the usual way. In our early work the 
cheese-mass itself, suspended in water, was used for distillation, 
giving slightly higher results than the method jnst described. 
The small increase is generally accounted for as coming from the 
proteids themselves present in the solution. Theoretically, it is 
.true that when such bases are present as putrescine and cadav- 
erine, they might distil with the ammonia. In one case where 
a large quantity of cheese was subjected directly to distillation 
with magnesium oxide and the distillate examined for these 
bases, none was found, the distillate consisting entirely of the 
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ammonia salt. The high boiling points of cadaverine and 
putrescine and the consequent difficulty of distilling them with 
steam probably accounts for their absence in the distillate. 

In our early work on the determination of ammonia in milk 
and cheese, we subjected to distillation with magnesium oxide 
and with barium carbonate many different amido compounds, in 
order to ascertain if any of these bodies, when pure, could split 
off basic nitrogen. While some of the products used in our 
work are not at all likely to be found in cheese or milk, we 
include them with the others in the table given below. ‘The 
method was carried out as follows: We dissolved 1 gram of each 
amido body, or, if insoluble, suspended it, in 50 cc. of water, and, 
for distillation, used 10 cc. of this mixture diluted to 150 cc., 
adding magnesium oxide or barium carbonate and using ordi- 
nary atmospheric pressure. 


Taste JTI].—Errecr or Disritning AMIpo Boptigrs with MAG- 
NESIUM OXIDE AND WITH BARIUM CARBONATE. 


Amount distilled over Amount distilled over 
with magnesium oxide. with barium carbonate. 

Acetamide ........ () Or 
Allantoin': O.08.2. 0) 0 
Arginine® .. 2.0... 0 0 

Aspartic acid ...... 0 () 

Creat ni eocd wait ory () 0 

Gregnnny *s 2hueon. 0 0 
Diphenylamine..... 0 0 

Glutamic acid ..... 0 0 

Glycocoll <isjna saa. 0 0 

Histidine .......... 0 0 

Leucine)» .iesi .edi« 0 0 

Juysiner? piiitnon.an as 0 0 
Phenylenediamine. . 0 0 
Trimethylamine .... completely distilled. completely distilled. 
RYNOBING ger.. 55K). stds. 0 0 

Uri¢lacidt).ot scideeri 0 0 

Xanthini. frosiucces . 0 0 


Zeit. }. Physiol. Chem., 34: 145 (1901). 


iyo 
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We have also used the excellent Nencki apparatus, distilling 
under reduced pressure the filtrarte from the tannin-salt precipi- 
tation. In comparative trials we have obtained no lower results 
‘than when we distil under ordinary atmospheric pressure. 


11. DETERMINATION OF NITROGEN IN THE FORM OF UNSATURATED 
PARACASBIN LACTATE. 


The residue insoluble in water is treated with several portions 
of a 5 per ct. solution of sodium chloride, the process being car- 
ried out as in preparing the water extract in 83 above. The nitro- 
gen in an aliquot part of the 500 cc. of this salt-extract is deter- 
mined by the Kjeldahl method. 


II. METHODS FOR THE SEPARATION AND ESTIMATION 
OF THE NITROGEN COMPOUNDS OF MILK AND THEIR 
PROTEOLYTIC PRODUCTS. 


We will briefly describe the methods used for the separation 
and estimation of the nitrogen compounds of milk and their 
proteolytic products in the following order: 


1. Determination of total nitrogen in milk. 

2. Determination of nitrogen in the form of casein. 

3. Determination of nitrogen in the form of albumin and 
syntonin. 

4. Determination of nitrogen in the form of caseoses. 

5. Determination of nitrogen in the form of amido-acid com- 
pounds. 

6. Determination of nitrogen in the form of peptones. 

7. Determination of nitrogen in the form of ammonia. 


1. DETERMINATION OF TOTAL NITROGEN IN MILK. 


Weigh about 5 grams of milk and determine the nitrogen by 
the Kjeldahl method. / 


2. DETERMINATION OF CASEIN. 


To about 10 grams of milk add 90 cc. of water at 104° F. to 
108° F. (40° C. to 42° C.) and then 1.5 ce. of 10 per ct. acetic 
acid. Agitate and warm at the temperature given above until 
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a flocculent precipitate separates, leaving a clear supernatant 
liquid. Filter, wash and treat by the Kjeldahl method for esti- 
mating nitrogen. 

In fresh milk, 2 or 3 ce. of a saturatedsvlution of alum may be 
used in place of acetic acid, usually with little higher results. 
But when the milk-casein has been proteolyzed to any extent, 
the use of alum is not permissible, since it precipitates caseoses 
in addition to casein. 

The use of acetic or any other acid in precipitating casein in 
milk, whose casein has been digested in any degree, precipitates, 
in addition to casein, any paranuclein that is present. We have 
not yet succeeded in devising satisfactory methods for the sepa- 
ration of these compounds. 


3. DETERMINATION OF NITROGEN IN THE FORM OF ALBUMIN AND 
SY N'TONIN. 

The filtrate from 2 is neutralized by caustic alkali, using phe 
nolphthalein as indicator and is then heated at the temperature 
of boiling water until the precipitate completely separates and 
settles. The precipitate is then filtered, washed and treated by 
the Kjeldahl method. : 


4. DETERMINATION OF NITROGEN IN THE FORM OF CASEOSES. 


The filtrate from 3 we heat to 158° F. (70° C.), add 1 ec. of 
50 per ct. sulphuric acid and then c. p. zine sulphate to satura- 
tion. Let stand at the temperature indicated until the caseoses 
completely separate and settle. Then cool the mixture, filter, 
wash with a saturated solution of zinc sulphate made slightly 
acid with sulphuric acid, and treat the precipitate by the 
Kjeldahl method. 


5. DETERMINATION OF NITROGEN IN THE FORM OF AMIDO-ACID 
COMPOUNDS. 
Treat about 50 grams of milk with a tannin-salt solution or 
with phosphotungstic acid as described in case of cheese, under 
8, p. 201. 
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6. DETERMINATION OF NITROGEN IN THE FORM OF PEPTONES. 


From the total nitrogen subtract that found in all forms other 
than that of peptones as indicated in case of cheese, under 9, 
pp. 202-211. 


7. DETERMINATION OF NITROGEN IN THE FORM OF AMMONIA, 


See under 10, methods for cheese, p. 211. 


Ill. DETERMINATION OF CHLOROFORM. 

When chloroform is used as an antiseptic in milk and cheese, 
it is very essential to know approximately the amount present 
in order that we may have a proper control of conditions. We 
have used the following method successfully: We place 5 grams 
of milk or cheese in a pressure bottle with about 100 cc. of alco- 
hol and 5 grams of caustic potash. The bottle is then heated 
in an autoclave for half an hour at 230° F. (110° C.). The result- 
ing chloride is determined by titration as for chlorine in sodium 
chloride. 


SOM ELORPSTHE COMPOUNDS. PRESSE NG: 
IN AMERICAN CHEDDAR CHEESES 





L. L. VAN SLYKE AND E. B. Hart. 





SUMMARY. 

1. Very little systematic work has been done in ascertaining 
the different compounds formed in cheese during the process of 
ripening. Such work must be done before we can understand 
the details of the process of cheese-ripening. This bulletin 
contains the first results of an extended systematic investiga- 
tion in this field of work. 


2. Paranuclein or pseudonuclein is a compound soluble in 
water but completely precipitated by 0.2 per ct. hydrochloric 
acid. It has been found in all cheeses examined by us. 

3. In a cheese 414 months old there were found the three basic 
products, lysatine, histidine and lysine. 

4. In a cheese 15 months old there were found tetramethylene- 
diamine (putrescine) and lysine. 


5. Later we may find that these or similar products are 
responsible, to some extent, for the flavors of cheese. 


INTRODUCTION. 

As cheese ages or ripens, the nitrogen compounds present in 
the fresh cheese undergo change in composition more or less 
profound in character. To the general process that embraces 
these and other changes is applied the term “ cheese-ripening.” 
In a thorough study of the cheese-ripening process, it is of 
fundamental importance that we ascertain what specific com- 
pounds are formed. We must possess such knowledge before we 
can understand fully in what way different conditions affect the 


*A reprint of Bulletin No. 219. 
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ripening process. The more complete our knowledge is in re- 
spect to the various individual compounds formed in cheese- 
ripening, the better can we understand the causes that produce, 
and the conditions that control, the process. Whether or not 
cheese-ripening is in part, or in whole, a biological process, our 
knowledge of the details of the process must depend very largely 
upon our knowledge of the specific chemical compounds result- 
ining from such action. 

More or less work of a desultory character has been done in 
this field. Special difficulties are met in the isolation and study 
of the individual proteolytic compounds found in cheese, owing 
to a lack of knowledge regarding the chemical constitution of 
many of them and also to the minute quantities commonly avail- 
able. Then, too, the same compounds are present or absent 
according to the conditions of ripening, even in cheese of the 
same variety. In different kinds of cheese, there is still greater 
variation. Thus far, we have confined our attention to the study 
of American cheddar cheese, the type most commonly made in 
this country. 

The presence of ammonia was early noticed in cheese. In 1818 
Proust! discovered in old cheese leucine, which he called “ case- 
ous oxide.” In 1880 Siber? found tyrosine in a sample of 
rocquefort cheese. In 1882 Weidmann*® undertook an investiga- 
tion of the chemical compounds of emmenthaler cheese more 
thorough than had been previously attempted. He was the 
first to call attention to a product soluble in hot alcohol, called 
by him “ caseo-glutin,” which we have recently shown to be un- 
saturated paracasein lactate. Rése and Schulze® in 1885 were 
the first to mention the presence of nuclein in cheese, though 
their work was largely qualitative. In 1887 Benecke and 
Schulze® added to the list of nitrogen compounds previously 
found in emmenthaler cheese phenylamidopropionic acid. Re- 
cently Winterstein and Thény’ have reported in emmenthaler 

1Annal. de Chim. et de Phys., [2] 10: 40 (1818). 
2Jour. f. Prak. Chem., N. F., 21: 213 (1880). 
3..andw. Jahrb., 11: 587 (1882). 

4N. Y. Agr. Exp. Sta. Bul. No. 214 (1902). 
5Landw. Versuchst., 31: 115 (1885). 


8Landw. Jahrb., 16: 317 (1887). 
7Zeit. f. Physiol. Chem., 36: 28 (1902), 
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cheese the following compounds: Histidine, lysine, guanidine 
probably, tetramethylenediamine (putrescine) and pentamethy- 
lenediamine (cadaverine). In very few cases do we know any- 
thing of the history of the cheese used in the investigations. 
In our work we are familiar in most cases with the history of 
the cheese, including the conditions of manufacture and of 
ripening. | 


EXPERIMENTAL PART. 
PARANUCLEIN (PSEUDONUCLEIN). 

in the work first done about ten years ago in this laboratory 
in the study of cheese-ripening, a substance was precipitated by 
dilute acids from the water-extract of cheese, showing the gen- 
eral chemical behavior of milk-casein toward different reagents. 
This was called “soluble casein” in the absence of knowledge 
of its specific chemical composition. During the past three 
years we have given more or less attention to the study of this 
substance and, though our work is still incomplete, we present 
here the results obtained up to the present time. 

The fact that the substance in question was precipitated by 
dilute acids, completely by 0.2 per ct. hydrochloric acid, sug- 
gested its resemblance to Chittenden’s so-called casein-dyspep- 
tone.® the insoluble substance obtained in larger or smaller 
quantities when milk-casein is digested with pepsin and hydro- 
chloric acid. 

The substance is obtained from cheese by extraction with 
water and precipitation by hydrochloric acid. We cover about 
3 kilograms of finely ground cheese with water, digest it at 53° 
©. for half an hour and then decant the extract. The residue 
is again covered with water, digested and decanted as before, 
this operation being repeated several times until the extract 
amounts to 4 or 5 liters. After filtration through absorbent 
cotton, the solution is cooled to 10° C. or lower and allowed to 
stand until the fat separates as a solid layer on the surface, 
which can be readily removed. The solution is then heated to 
50° to 55° ©. and treated with enough hydrochloric acid to equal 
0.2 per ct. of the solution. The paranuclein separates as a floc- 


8Studies in Physiol. Chem. Yale Univ., 3: 66 (1887-8). 
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culent white precipitate, settling to the bottom of the vessel, 
leaving a supernatant liquid of a bright yellow color. The 
separation of the precipitate may be hastened by vigorous stir- 
ring. The precipitate is filtered, washed with water and then 
dissolved in 1 or 2 liters of 1 per ct. solution of sodium carbon- 
ate. The resulting solution appears to be complete, though it 
is milky in appearance. It is filtered, reprecipitated by dilute 
hydrochloric acid and the precipitate filtered and washed. This 
process of redissolving and reprecipitating is repeated three or 
four times in all. From this point, two different methods may 
be employed for further purification of the substance. By one 
method, the third or fourth precipitate by hydrochloric acid is 
thoroughly washed with water containing dilute hydrochloric 
acid, then with alcohol, and finally with ether, after which it 
is extracted by boiling ether for several days, until all traces 
of fat are removed. It is then dried to constant weight at 105° 
to 110° C. for analysis. By the other method, the third or fourth 
solution in dilute sodium corbonate is made exactly neutral by 
hydrochloric acid, treated with 3 per ct. of chloroform to pre- 
vent any bacterial action and dialyzed in running water until 
all chloride is removed. The resulting solution is concentrated 
on the water-bath to a thick syrup and while still warm is 
poured into a mixture of 95 per ct. and absolute alcohol. This 
is allowed to stand 2 or 3 days. A white gelatinous coagulum 
results, which is filtered, washed thoroughly with alcohol, 
placed under absolute alcohol several days, again filtered, 
treated with cold ether, then dried, powdered and extracted 
with boiling ether until all fat is removed. It is then finally 
dried to constant weight at 105° to 110° C. This method of 
dialvzing, concentrating and then precipitating by alcohol in 
neutral or alkaline solution appears usually to carry down with 
the precipitate large quantities of ash. Jackson? has pointed 
out this fact and has shown that this may be avoided by using 
the first method given above or by Pcie Le with alcohol 
in the presence of dilute acid. 

We present in the table below the results of analyses of sam- 
ples of the substance prepared from different cheeses. The 


°Am. Jour. Physiol., 43 170 (1900), 
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figures given are on the basis of ash-free substance. The first 
five samples were prepared by dialysis and precipitation by 
alcohol in neutral or slightly alkaline solution, except sample 3, 
in which case the solution was probably slightly acid. The other 
samples were prepared by the first method described above. In 
samples 6, 7 and 8 the amount of material obtained was not suf- 
ficient for making all the determinations. 


TABLE J.—ANALYSIS OF PREPARATIONS OF PARANUCLEIN OBTAINED 
FROM DIFFERENT CHEESES. 




















Per cto) Perici) Rerict: | Perrct. | Persct®) Per et.;\) Perve. 


1. Cheese bought in open 























market, 3 months old.} 48.511. 6.81) 14.14) 3.19) 2.50) 24.95) 31.53 

2. Cheese bought in open / 
market, 3 months old.) 48.46} 5.67) 13.25) 2.00) 2.23) 28.39 23.65 
3. Cheese 44 months old..; 52.01} 6.98) 14.17; 1.65) 1.41) 23.78 1.44 

4. Cheese 7 months old, in- a 
LORLOT, 3674/4 epee aye | 50.60) 7.00) 13.65) 1.00) 1.33) 26.32) 16.64 

5. Same, 7 months old, ex- I] 
teriok sO FUE, tH 50.56) 7.70) 14.36; 0.86) 1.52) 25.00) 20.22 
6. Cheese 1 month old....| 46.72} 6.86] 15.91)...... be wea tas te ies. Sane 
7. Same, 2 months old... .| 47.59]. 6.90) 12.36). ..... ae the one ee 
8. Same, 3 months old... .| 48.82) 7.43) 12.98)...... | evics-p ‘yall ca Be ae 
9. Same, 4 months old....| 50.56} 6.73) 12.96) 0.83). 1.13) 27.7 3.10 
10. Same, 5 months old... | 53.12} 6.51) 13.68) 0.89 0.98) 24.82) 4.42 








An examination of the results indicates that we probably did 
not succeed in freeing the substance from impurities. The few 
analyses of nuclein on record show considerable divergence. In 
comparison with Chittenden’s casein-dyspeptone, the content of 
nitrogen, hydrogen and carbon is lower in our substance, while 
the sulphur is considerably higher. Chittenden regarded the 
phosphorus as consisting entirely of calcium phosphate, but 
Jackson has shown that paranuclein yields over 2 per ct. of 
organic phosphorus, if care is taken to prevent calcium phos- 
phate from being precipitated with the substance and to avoid 
the formation of inorganic phosphates during ignition. We 
shall give our aitention further to methods of separating 
paranuclein from cheese in the hope of being able to prepare it 
free from impurities and studying its decomposition products. 
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Paranuclein results from the breaking down of casein or para- 
casein and is always found in the water-extracts of ripening 
cheese. The amounts commonly found in cheese under different 
conditions we shall discuss in a future paper. 


AMIDO COMPOUNDS. 


In the work, an account of which follows, we planned to 
isolate such diamido compounds as might be present in the 
cheese examined. Two different cheeses of the normal American 
cheddar type were used to furnish material for our work. One 
was 414 months old and had been ripened at a temperature of 
18° C., possessing a mild and pleasant flavor; the other was 15 
months old,and had been ripened at a temperature of about 20° 
C., possessing a somewhat pungent but not disagreeable flavor. 
In preparing the samples for examination, the cheese was cut 
into small pieces, the rind being excluded. We used 8 to 10 
kilograms of each cheese. After drying in air at room tempera- 
ture, the cheese was placed in large bottles, covered with 90 
per ct. alcohol and digested for several days at room tempera- 
ture, with frequent agitation. The resulting alcoholic solution, 
which was of a rich yellow color, was filtered through filter 
paper from the insoluble portion, the latter being allowed to 
drain thoroughly. The insoluble residue was then dried at 60° 
C., in order to remove all alcohol, and furnished a white, 
crumbly mass. Most of the fat had been removed by the alcohol 
and probably some small proportion of the amido-acid com- 
pounds. This white mass was next extracted with several por- 
tions of water at 55° C., and the extracts filtered through ab- 
sorbent cotton, until about 25 liters of extract were obtained. 
This water-extract was treated with tannin in excess, a copious 
precipitate of caseoses and peptones resulting, which was 
removed by filtration. The excess of tannin in the filtrate was 
removed by careful addition of lead acetate, until a drop of the 
reagent gave no further turbidity, after which the precipitate 
of lead tannate was filtered and washed with water. The excess 
of lead in this filtrate was then carefully removed by the addi- 
tion of sulphuric acid, until a drop gave no additional pre- 
cipitate, the final traces of lead being remoyed by hydrogen 
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sulphide. The filtrate from the precipitates of lead sulphate 
and lead sulphide were united, concentrated to small volume 
on a water-bath, then made alkaline with barium carbonate and 
finally boiled about 15 minutes in order to remove all ammonia. 
The solution was then made slightly acid with sulphuric acid, 
the precipitated barium sulphate removed by filtration and the 
filtrate made to contain 5 per ct. acid by adding sulphuric acid, 
after which it was precipitated by phosphotungstic acid. A 
heavy crystalline precipitate resulted, which was filtered and 
washed with 200 cc. of 5 per ct. sulphuric acid. The phos- 
photungstic acid precipitate was then suspended in water and 
treated with barium hydroxide to remove the phosphotungstic 
acid in the well-known way. The excess of barium was removed 
by carbon dioxide, the precipitate filtered and washed. This 
gave a solution, which should contain the hexon bases, viz.: 
arginine, lysine, histidine and lysatine. For the separation of 
the first three compounds, the Kossel-Kutscher method was em- 
ployed, and, for lysatine, Siegfried’s method. To this solution, 
diluted to 2 liters and made slightly acid by sulphuric acid, was 
added a solution of silver nitrate, until a drop of the solution 
placed on a white porcelain surface gave with barium hydroxide 
the yellow precipitate of silver oxide, thus showing excess of 
silver nitrate. Then, barium hydroxide was added to satura- 
tion, which formed a somewhat slimy precipitate, filtering 
slowly. The precipitate was filtered and washed with saturated 
solution of barium hydroxide. The filtrate (Solution A) was 
worked for lysine, and the precipitate, for lysatine, histidine 
and arginine. The precipitate was suspended in warm water and 
the barium carefully removed by means of sulphuric acid and the 
silver by hydrogen sulphide. The precipitate was filtered, washed 
with water and the fillrate made to 1 liter (Solution B). 

In cheese 15 months old.— In 10 cc. of Solution B, the nitrogen 
was determined and found to be 0.00041 gram or a total of 0.041 
gram in the entire extract. This small amount of nitrogen indi- 
cates that arginine, histidine and lyastine were present in exceed- 
ingly minute quantities, if at all. Jt is possible that the small 
amount of nitrogen present was due to slight traces of peptones 
which tannin failed to remove. 
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LYASTINE. 

In cheese 4 1-2 months old. —To Solution B, obtained as de- 
scribed above, we added just enough barium nitrate to remove all 
sulphuric acid, filtered and concentrated the filtrate to small bulk. 
Silver nitrate was carefully added until the presence of an excess 
was shown by the usuai test and then a few drops of dilute nitric 
acid were added. Alcohol was next added and a precipitate be- 
gan to form, when the addition of alcohol was continued until its 
volume equalled the volume of the solution. Then a small amount 
of ether was added, when a crystalline precipitate was formed. 
This was allowed to stand 24 hours and then filtered, washed with 
ether and dried over sulphuric acid, yielding a product weighing 
2.1 grams. The filtrate was used for separating histidine. This 
product behaved like Siegfried’s lysatine and analysis shows its 
similarity to that body. 

().202 gram substance gave 0.0565 gram Ag. 

0.214 gram substance gave 74.5 cc. N at 22° C. and 746 mm. 
Percentages: Calculated for lyastine silver nitrate, Found 
(C, Ais N,0, HNO, Ag NO,) 

Ag 27.51 27.9% 

N 17.90 17.89 

A portion of the lyastine silver nitrate, obtaining as described 
above, was treated with hydrochloric acid and evaporated nearly 
to dryness, this operation being repeated several times to remove 
the greater part of the nitric acid. Platinum chloride was then 
added and the solution evaporated nearly to dryness, when, on 
addition of alcohol, the platinum salt of lyastine separated. 
This was filtered, washed with alcohol and dried over sulphuric 
acid in vacuo. Analysis gave the following results: 

0.2414 gram substance gave 0.0835 gram Pt. 

Percentages: Calculated for lysatine platinum chloride, Found 
fOr Oe tls Peony 

gs | 34.28 34.58 


HISTIDINE. 

In cheese 4 1-2 months old.— The filtrate obtained from the 
precipitate of lysatine, as described above, was carefully evapo- 
rated on the water-bath to remove ether and alcohol and then 
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treated with barium hydroxide until one drop of the clear super- 
natant liquid, added to an ammoniacal solution of silver nitrate, 
gave no precipitate, thus showing the complete precipitation of 
histidine. This precipitate was filtered, washed with water and 
then suspended in water and treated with hydrogen sulphide to 
remove silver. After the silver sulphide was filtered, the filtrate 
was evaporated to dryness, this residue extracted with dilute 
Silver nitrale, containing a few drops of nitric acid and the ex- 
tract precipitated with ammonia, filtered, and washed with 
water. This precipitate was next suspended in water, decom- 
posed by hydrochloric acid, the silver chloride filtered and 
washed and the filtrate concentrated and allowed to stand 
several days, when crystals began to separate. After standing 
a few days longer, the liquid was filled with crystals. The crys- 
talline mass was washed with ether and dried over sulphuric 
acid mm vacuo, yielding 4.1 grams histidine. 

0.374 gram substance gave 0.1156 gram Cl. 

(0.2918 gram substance gave 0.532 gram N. 
Percentages: Calculated for histidine hydrochloride, Found 


(C,H,N,0,2HCl) 
Cl 31.11 30.98 
N 18.42 18.28 
ARGININE. 


In cheese 4 1-2 months old.— The filtrate from the histidine 
precipitate was saturated with bariuin hydroxide, the precipitate 
filtered, washed with solution of barium hydroxide, suspended in 
water acidulated with sulphuric acid, and the silver removed by 
hydrogen sulphide. The entire filtrate contained only 0.085 gram 
nitrogen, equivalent to 0.255 gram arginine. The amount was 
too small to obtain as a crystalline product, and we are led to 
conclude that arginine does not exist in appreciable quantities in 
cheese of this age. Winterstein and Thény! have also reported 
a Similar result in case of emmenthaler cheese, the age of which, 
however, they do not state. 


10Zeit. f. Physiol. Chem., 36: 28 (1902). 
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LYSINE. 


Solution A, obtained as described on p. 222, was freed from 
barium by sulphuric acid and from silver by hydrogen ‘sulphide, 
and the filtrate from these precipitates concentrated to small 
volume. The solution was made to contain 5 per ct. of sulphuric 
acid and precipitated with phosphotungstic acid. The precipitate 
was filtered, washed with dilute sulphuric acid, suspended in 
water, decomposed by barium hydroxide, filtered, and the excess 
of barium removed by carbon dioxide, the solution then being 
concentrated to small volume. 

In cheese 15 months old.— To the solution thus concentrated, 
alcohol of 95 per ct. strength was added in quantity equal to 
twice the bulk of the solution. Picric acid was then added. On 
standing 24 hours, no precipitate appeared. The alcohol was 
then evaporated, the solution concentrated and saturated picric 
acid solution added, when crystals began to appear and increased 
considerably on standing over night. The crystals were filtered, 
washed with cold water, recrystalized four times from water, 
finally washed with ether and dried over sulphuric acid, yielding 
9.2 grams (Fraction No. 1). 

The filtrate from the first fraction of crystals was further con- 
centrated by evaporation and more picric acid was added, pro- 
ducing a small additional yield of crystals. These were filtered, 
washed with ether and alcohol and dried over sulphuric acid, 
yielding 0.8 gram (Fraction No. 2). 

The last filtrate was further concentrated by evaporation, 
when a slimy precipitate separated. The whole mixture was then 
shaken with ether in sulphuric acid solution in order to remove 
all picrie acid, after which it was repeatedly boiled with animal 
charcoal and filtered to remove all coloring matter. The solu- 
tion was then reprecipitated by phosphotungstic acid, the pre- 
cipitate decomposed by barium hydroxide, filtered, and excess of 
barium removed by carbon dioxide, the resulting solution being 
concentrated to small bulk by evaporation. Alcohol was added 
equal*in amount to twice the volume of the solution and picric 
acid carefully added. A crystalline precipitate began to form 
and increased on standing. After 24 hours the crystals were 

15 


- 


226 REpoRT OF THE CHEMIST OF THE 


filtered, washed with alcohol, recrystallized three times from 
water, finally washed with ether and dried over sulphuric acid 
yielding 44.1 grams (Fraction No. 3). 

The last filtrate was further concentrated by evaporation and 
yielded an additional crop of crystals, weighing 0.2 gram (Frac- 
tion No. 4). 

The crystals contained in Fractions 3 and 4 behaved like lysine 
and showed, on analysis, a composition corresponding to this 


compound. 
Percentages: Calculated for lysine picrate. Found 
(C,H,,N,0, C, H, (NO,) 30 H) 
N 18.66 19.17% 
C 38.40 38.18 
H 4.53 4,21 


On converting this salt to a chloride and estimating the chlo- 

rine, the following results were obtained: 
0.277 gram substance gave 0.3616 AgCl. 
Percentages: Calculated for lysine hydrochloride. Found 
(C,H,,N,0O, 2HCl) 

Cl 32.39 32,24 

In cheese 4 1-2 months old.—We obtained 5.4 grams of lysine. 
A portion recrystallized several times from water gave 18.81 N, 
the calculated amount being 18.66 N. 


TETRAMETHYLENEDIAMINE (PUTRESCINE). 


In cheese 15 months old.— Fraction No. 1 of crystals, obtained 
as described above, resembled tetramethylenediamine in its solu- 
bilities and an analysis showed its identity in composition with 
this compound. 

Percentages : 
Calculated for tetramethylenediamine picrate. Found 
(C,H,.N, 20,H,(NO,) 380 H) 


N 20.51 20.34 
H 3.29 3.48 
C 35.16 35.40 


On converting this compound to a chloride, the following 
amount of chlorine was obtained: 
0.206 gram substance gave 0.3865 gram AgCl. 
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Percentages: 
Calculated for tetramethylenediamine hydrochloride, Found 
(C,H,, N, 2H Cl) 

Cl 44,06 : 43.76 

In cheese 4 1-2 months old.—We expected to find putrescine 
in this cheese as in the others, since arginine, of which it forms a 
reduction product, was not found; but we were unable to obtain 
this compound. 


ISOLATION OF AMMONIA FROM RIPENING CHEESE. 


We ground with sand 500 grams of a normal cheddar cheese, 
ripened at 13° C., 10 months old. We extracted this with water 
at 55° C., precipitated the water-extract with tannin, filtered and 
distilled the filtrate with steam into a dilute solution of hydro- 
chloric acid. The distillate was evaporated after addition of 
platinum chloride and the ammonium salt isolated, yielding 8.1 
grams of ammonium chlorplatinate. After drying over sulphuric 
acid, the following analytical results were obtained: 
Percentages: Calculated for ammonium chlorplatinate. Found 


((N Hy), Pt Cl,) 
Pt 44,21 44,22 


Since we had found in the cheese 15 months old the volatile 
base putrescine, it was thought possible that small amounts of 
this base might distil over when the estimation of ammonia was 
made by distillation with magnesium oxide, thus vitiating the 
results in the ordinary method of estimation by increasing the 
amount of nitrogen obtained as ammonia. In the case of the 
cheese used and uuder the conditions of experiment, no such con- 
tamination was observed. 


DISCUSSION OF RESULTS. 


Summarizing the results secured by the work embodied in the 
preceding portion of this paper, we find (1st) paranuclein as a 
common constituent of all cheeses examined by us; (2d) in the 
younger cheese, which was 4 1-2 months old, the three basic 
products, lysatine, histidine and lysine; and (3d) in the older 
cheese, which was 15 months old, tetramethylentdiamine (putre- 
scine) and lysine. 
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In neither case were we able to separate arginine, but in the 
older cheese we found putrescine, one of the reduction" produsts 
of arginine. We did not look for guanidine, but this compound 
might be expected to be present as the other cleavage product of 
arginine, and Winterstein and Thony have reported its probable 
presence in emmenthaler cheese. While there is some reason to 
believe that lysatine is composed of arginine and lysine, the point 
is not clearly settled and in our discussion we have not assumed 
this to be the case. 

It is known that lysine" yields also pentamethylenediamine 
(cadaverine) on reduction, and Winterstein and Thoény have re- 
ported the presence of the latter compound in an emmenthaler 
cheese. They do not give any facts in relation to the history of 
the cheese used in their work and we are unable, therefore, to 
make any comparison with our cheese 15 months old, in which 
we found one of the reduction products of arginine, viz.: putres- 
eine. Whether cadaverine might have been formed ultimately, 
we cannot say. 

There appears to be good evidence that there is regularly in the 
cheese-ripening process, in the case of hard cheeses like emmen- 
thaler and American cheddar, a conversion of primary into sec- 
ondary amido compounds; and these chemical changes may 
explain, perhaps, the gradual development of flavor in normal 
cheese; in other words, we may find that the changing flavor of 
cheese, aS it ages, is due, to some extent, to increasing quantities 
of secondary amido coinpounds. - 

In fiavor, the older cheese used by us was rather pungent but 
not unpleasantly so. It had a high ammonia content, which is 
a marked characteristic of cheese ripened at temperatures above 
16° to 18° C. and which also is a usual accompaniment of a pun- 
gent ilavor. In cheese ripened in cold storage, where the tem- 
perature is usually below 5° C., small amounts of ammonia are 
found and the flavor is very mild. We must bear in mind, how- 
ever, that the presence of mere traces of such compounds as 
putrescine, cadaverine and ammonia will not suffice to account 
for marked abnormal sharpness or other unpleasant quality of 
flavor in cheese, but that they gradually accumulate and finally 





11 Allinger. Zeit. f. Physiol. Chem., 293 334 (1900). 
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are present in quantities such that we might expect them to 
predominate and impart to the cheese mass the flavors peculiar 
to them. 

In cheese, technically known as “ gassy,” characterized by 
formation of considerable quantities of different gases, hydrogen 
forms a part of the gas,.so far as examinations that have been 
made show, and this gas can be regarded as an agent easily 
capable of favoring the early formation of the reduction products 
that have been found, viz.: putrescine, cadaverine and ammonia. 

The subject of cheese flavors is one of complex difficulties, but 
it is safe to say that these flavors are due to the presence of 
specifis compounds, and any work that shows in cheese the 
formation and presence of compounds capable of imparting 
flavors will contribute to the solution of a problem whose details 
are now little understood. 
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REPORT OF THE DEPARTMENT OF ENTOMOLOGY. 


Poe LLANEOUS NOTES ON -INJURI- 
OU SLINGS EC ls 2 LL 


V. H. Lowe. 


SUMMARY. 


A brood of the periodical cicada is due to appear this spring. 
It is located in Niagara, Monroe, Kings, and Richmond counties 
in this State, and in 18 of the central, southern and eastern 
states and the District of Columbia. It is probably the largest 
of the 17-year broods. The adult females injure trees, shrubs 
and vines by puncturing the twigs and small branches in order 
to deposit eggs in the wood. The injury is not usually serious 
except when the insects occur in very large numbers. There 
seems to be no practical method of destroying the adults when 
occurring in sufficient numbers to do serious injury. 

The palmer worm was very abundant in some of the apple 
orchards in western New York during the spring of 1900. It 
has practically disappeared and is now found only occasionally. 
The insect has been noted as a species that appears suddenly 
in large numbers and disappears as quickly as it came, not to 
appear again for several years. 

White grubs were found very destructive to aster plants 
grown in the field. The same field was in nursery trees the 
season before and while the grubs had not injured the trees 
sufficiently to be noticed, they were there in sufficient numbers 
to cause serious injury to the asters. The only practical remedy 
found was to pull up the infested plants and destroy the grubs. 


*A reprint of Bulletin No. 212. 
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The celery caterpillar, Papilio asterias, is found in varying 
numbers every year. During the past two years it has been 
unusually abundant in western New York, causing injury, es- 
pecially to celery in the seed bed. It is easily checked by spray- 
ing with paris green, where practical, or jarring the caterpillars 
to the ground and destroying them. 


INTRODUCTION. 

This bulletin is the second of a series dealing with miscella- 
neous notes on injurious insects, of which Bulletin No. 180 is 
the first. These notes aim to deal principally either with sub- 
jects that are considered of too little importance at the time 
to be the objects of extended investigation, but are of too much 
interest to be laid aside; or with topics upon which immediate 
information is desired. In some cases they may be preliminary 
to a more exhaustive discussion to appear in a later publication. 

While, in the main, the notes are intended to be the result 
of our own observations, the demand for immediate information 
concerning species that have been but little studied here at the 
Station sometimes makes desirable a collection of data from 
other publications. In such eases the literature of the subject 
is drawn upon freely. 


I. THE PERIODICAL CICADA. 

Much interest is again being manifested in the periodical 
cicada or, as it is more often called, the seventeen-year locust, 
because of the expected appearance above ground during the 
spring of 1902 of one of the largest broods known in the United 
States. Considerable anxiety, especially on the part of fruit- 
growers, is also apparent as to the probability of injury to 
young trees and vines. As a result there is much demand 
within the State for information concerning this species. It 
may be added, however, that the peculiar interest with which 
this insect is viewed lies not alone in the fact that many are 
apprehensive of injury to their crops, nor even in its interesting 
habits above ground; but one naturally considers it no small 
privilege to look upon a living, active creature that has just 
emerged from a comfortable sojourn of seventeen years under 
the sod. 
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The interesting habits of the cicadas, their appearance in 
great swarms, and the noisy way in which they proclaim their 
presence, early attracted attention. The species is a native of 
America, and probably the first known record of its appear- 
ance is found in Moreton’s New England Memorial in which it 
is stated that a swarm appeared in Plymouth in the spring of 
1633}, 

The periodical cieada was originally described by Linné, who 
gave it the scientific name Cicada septendecim, publishing the 
description? in 1758. It has been suggested’ that the popular 
but incorrest name “ seventeen-year locust ” probably originated 
with the early settlers who associated the swarms of cicadas 
with the devastating hordes of migratory locusts. 

The unusual interest attached to this species has also re- 
sulted in its being made the subject of investigation from the 
time of the earliest entomologists until the present day. The 
difficulty of following a number of individuals through their 
long life underground, however, prevented a thorough knowl- 
edge of the insect’s subterranean life until the comparatively 
recent investigations of the late Dr. C. V. Riley and those of 
C. L. Marlatt, which resulted in throwing much light on its 
entire life history. 

LIFE HISTORY. 


The life history of the periodical cicada does not differ mate- 
rially from that of many other species of insects except for the 
long life under the ground. There are many others that are 
known to live nearly a year in the soil, and a few, such as the 
common white grub, the larva of the May beetle, are about 
three years in the ground before emerging; but no other insect 
known can equal the periodical cicada for longevity. 


The egg.— The eggs are laid in the twigs and smaller branches 
of deciduous trees. They are placed well in the wood in double 
rows as described on a subsequent page. The egg is at first 
pearly white in color, but, as the shell is very thin and semi- 
transparent, turns darker, probably because of the color of the 

1Harris. Insects Injurious to Vegetation. Second Edition, p. 180. 
2Systema Naturae (tenth edition). 


3Hopkins,; A.D. W. Va. Agr. Exp. Sta. Bul. 50, p. 5. 
4U.S. Dept. Agr., Div. of Ent., Bul. 14, n.s. 
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growing embryo. According to Marlatt® Dr. Potter has stated 
that this change of color is noted at 15 days and after. In 
shape they are oblong, slightly curved and measure about 2 mm. 
( =4; in.) in length (Plate XXII, Fig. 3). They increase in size 
somewhat, probably by the absorption of the juices of the sur 
rounding plant tissue. The period of incubation varies, depend- 
ing apparently upon weather conditions. The usual period is 
probably from six to seven weeks.® 


The larva.—When the larva is fully matured within the egg 
and ready to emerge, the egg shell gives way in a line along 
its back permitting it to escape. The newly hatched larva is ar 
awkward, somewhat spider-like creature measuring about 1.5 
mm. ( ;4 in.) in length. The body is slender and sparsely cov- 
ered with minute hairs. The head, legs and antenne are long in 
proportion. In color it is creamy-white, marked only by deep- 
red eye spots and reddish claws. The most striking peculiarity 
of the insect, both in the larval and pupal stages, is the prom 
inent lobsterlike front legs with which it digs its way into the 
ground. When the larva has gained its freedom it begins te 
move about actively but soon loosens its hold and drops to the 
ground. Owing to the lightness of its body it is not injured by 
the fall. After reaching the ground the first impulse of the 
young larva seems to be to get beneath the surface, for it soon 
seeks some opening by which to enter.’ 

One of the first to investigate successfully the life and habits 
of the larva was Dr. Riley, who undertook to follow the life of 
the insect through until it emerged. His investigations were 
begun in Missouri in 1881, but were finally turned over to a 
Mr. Barlow, who continued them until 1891. During these ten 
years the larve under observation had passed four stages and 
were ready to enter the first pupal stage. These and subsequent 
observations by Marlatt showed that the larve pass the first 
molt during the first year or year and a half, the second after 
an additional period of two years, the third after three or four 
years more and the fourth three or four years later. 

5Tdem., p. 81. 


6Marlatt. Idem., p. 80. 
7Marlatt. U.S. Dept. Agr., Div. Pnt., Bul. 14, n.s., p. 81. 
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During its life underground the larva grows to over nine times 
its length at the time of hatching. Its body becomes quite 
robust and somewhat wedge-shaped. The hairs scattered over 
the body become more numerous and coarser, while the front 
legs develop into formidable digging appendages. 

Marlatt and others’ have found that while the larva undoubt- 
edly remains in one place most of the time, it may move about 
to some extent. It lives within a cell of compact earth, which is 
usually formed so that one or two fine roots of the food plant 
run through the walls in easy access of the insect’s beak. It 
may thus obtain nourishment by thrusting its beak into the 
tissue and sucking the sap. 


The pupa.— The pupa resembles the larva in its advanced stage 
but the red eye-spots are wanting and the true eyes show more 
prominently. The rudimentary wings have also become quite 
prominent, while the front legs are much developed and are well 
fitted for digging. The habits of the pupa while it remains 
under ground are practically the same as those of the larva. It 
passes two molts. 


Location in the soil.— There has been much difference of opinion 
as to the depth in the soil to which the larve and pup are 
eapable of going. Observations have shown that the usual depth 
is from one to one and a half feet. One instance has been 
recorded,? however, where the pupz came up in the bottom of a 
eellar. In another case they came up through a mass of cinders 
five feet thick. Other cases have been reported where they were 
found ten feet or more below the surface of the ground. Another 
imstance was observed by the writer where the pupe had evi- 
dently remained for some time at a much shallower depth. In 
this case they appeared in an old orchard. A large number of 
examinations showed that the average distance of the pupe 
beneath the surface of the soil was about eight inches. A 
feature of considerable interest in connection with the life of the 
insect under ground is its ability to live in soil that has been 
under water for some time. At least two instances of this kind 
have been recorded. In one case the ground was annually 


8Idem., pp. 91 and 93. 
‘Marlatt. U.S. Dept. Agr., Div. Ent., Bul. 14, n.«., p. 92. 
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EXPLANATION OF PLATES. 


XXII.—1, Pupa-case of periodical cicada; 2, Cases from 
which adults failed to escape; 3, Adult periodical 

‘cicada; 4, Adult dog-day cicada; 5, Larva of Papilio 
asterias on celery. 

XXIII.—1, Hut or chimney of cicada; 2, Sound produc- 
ing organ of male cicada; 3 and 4, Injury caused by 
egg-laying of cicada. | 

(Figs. 2 and 4, enlarged.) 


XXIV.—Adult periodical cicadas. 

XXV.-—lemale cicada depositing eggs. 

XXVI.—Palmer worm: 1, Egg; 2, Injury to young 
apples; 3, Pupa; 4, Moth; 5, Injured leaf, with at- 
tached pupae; 6, Typical wing; 7, Wing variations. 


(Figs. 1, 3, 6 and 7, enlarged; 2, 4 and 5, natural size.) 


Pratp XXVII.—-Work of palmer worm on apples. 


(Enlarged. ) 


PraTH XXVITI.—Palmer worm in partially completed retreat. 


PLATE 


(Enlarged.) 
XXIX.—White grubs feeding at root of an aster. 









































Puate XXII.—PeriopicaL CicapaAs AND Pupa Cases, Dog-Day 


Cicapa, AND Larva or Pupilio asterias. 
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Pirate XNIII.—Some CuaractTeristic DETAILS OF i*ERIODICAL 


CICADA AND ITS WoRK. 
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PLATE XXV.—FEMALE CICADA DEPOSITING EGGS. 
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Prats XXVI.—-Some CHARACTERISTIC DETAILS OF THE PALMER 
Worm AnNp Its WorK. 
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Pirate XXIX.—Wuite Gruss FrEEeping at Roor or AN ASTER. 
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flooded for several years, apparently without injuring the 
cicadas which were found from 12 to 18 inches below the 
surface.” 

Habits of the pupe above ground.—When ready to abandon 
the subterranean life the pupe dig upward toward the surface 
of the ground. They always emerge in the spring, usually, in 
this climate, about the middle of May, although the time prob- 
ably varies somewhat with the season. The individuals in a 
given locality usually come out of the ground at about the same 
time, not more than three or four days elapsing between the 
appearance of the first and last individuals. Most of them come 
out during the night, but occasionally stragglers appear during 
the early morning hours. 

The pupa when it first appears above ground is soft bodied 
and creamy white in color. It may move about actively for a 
short time, probably a few hours, although often less, in search 
of a suitable support which it can climb and cling securely to. 
The skin hardens rapidly, and after the insect has found a 
suitable place and is prepared for the change, splits down the 
back and the adult escapes, leaving behind the empty pupa skin, 
Plate XXII, Fig. 1. It is not uncommon to find these old pupa 
cases attached to the leaves or twigs several weeks after the adults 
have escaped. Some idea of the manner in which the adult 
escapes from the pupa skin is given by Fig. 2, where two 
adults are seen which only partially succeeded in freeing them- 
selves. The upper one succeeded in freeing its head, thorax and 
both wings while the lower has but its head and thorax free. 


Height to which the pupe climb.— The pupe usually do not 
climb far. The old skins from which the adults escaped will 
usually be found from a few inches to from five to ten feet 
above the ground. A comparatively small number may succeed 
in going much higher. In one instance the writer found the 
pupa cases nearly thirty feet above the ground attached te the 
limb of a tree, and in a few cases several were found at about 
twenty feet. 


l0Tdem., p. 93. 


240 REPORT OF THE DEPARTMENT OF ENTOMOLOGY OF THE 


Building huts.— Under some circumstances not yet well under- 
stood the pupz build chimney-like huts on the surface of the 
ground just before abandoning the subterranean life. These 
huts may open at the top or be closed at the top and open at the 
sides. The hut is in reality a continuation above ground of the 
channel in the earth made by the pupa. Plate XXIII, Fig. 1, shows 
a hut, natural size, that opens at the top. In some cases large 
numbers will be built and in others but very few. They are 
built on both high and low ground, as instances are recorded 
where they have been found in both localities. That a prefer- 
ence may sometimes be shown is not improbable. <A case in 
point was observed by the writer at Union Springs during the 
spring of 1899 when the cicadas appeared in large numbers in 
that locality. . The_pupz emerged in greatest numbers in a grove 
which was on both high ground and low swampy land. Although 
careful search was made the huts could be found only on the 
low wet land although as many or more cicadas had emerged 
from the higher ground. 

The adult.—When it first emerges from the pupal skin the 
adult insect is soft bodied and creamy-white in color. But the 
integument soon hardens, and as it does so turns jet black. The 
eyes and wing veins are coral red. The body of the female 
measures about one inch in length. The wings, which are 
membranous, form a roof over the body when at rest, projecting 
beyond it about half an inch. When expanded they measure 
about three inches from tip to tip. Plate XXIV, which is from a 
photograph from life, shows a number of cicadas natural size. 
At Fig. 3, Plate XXII, an adult female with wings spread is 
shown. 

The adult cicadas are active, noisy creatures, flying about 
during the day and making the woods ring with their shrill 
song. Their flight is very short and hence, as they do not 
migrate in the immature stages, the species spreads very slowly. 

Song of the periodical cicada.— The so-called song of the peri- 
odical cicada is produced by the males only. Each male has two 
song-producing instruments, one on either side of the basal seg- 
ment of the abdomen, underneath and concealed by the wings, 
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They are quite complex but each consists principally of a cor- 
rugated ear-like drum which, controlled by a powerful muscle, 
may be made to vibrate rapidly. Plate XXIII, Fig. 2, is from a 
photograph showing one of the drums greatly enlarged. The 
song is usually produced in unison and is shrillest during the 
heat of the day. The warmer the sun the louder the song 
becomes. The locusts seem to be especially sensitive to sunlight 
and heat, as was well illustrated in the writer’s experience at 
Union Springs, June 14, 1899. The day was windy with heavy 
fleecy clouds which frequently obscured the sun. While the sun 
was shining brightly, along the margin of the wood where the 
locusts were most numerous, they were very active, flying fre- 
quently into the air and making an almost deafening noise. AS 
soon, however, as the sun was obscured by a cloud there was a 
decided lessening of activities and a lull in the song, which 
would almost cease if the sun was hidden very long. It is 
unusual for the cicadas to sing during the night, but instances 
have been recorded where the song has suddenly broken out 
long before daylight, but to last for a few minutes only. The 
song has been analyzed by Dr. ©. V. Riley and others and found 
to consist of three distinct notes. 

Injury caused by the periodical cicada.— Contrary to the belief 
held by many, the adult cicadas eat little or nothing. If any 
nourishment is taken it is by the female only, and it is doubtful 
if she, except in very rare instances, takes food. As previously 
stated the larvee and pupe feed underground on the sap from 
the roots of trees, shrubs and vines, but so little is required for 
their slow growth, that except in occasional instances where 
they are unusually abundant, it is not probable that appreciable 
injury is done. The important injury is caused by the females in 
laying their eggs in the twigs. Frequently the twigs and smaller 
limbs are so weakened by the punctures of the female as to 
break off with the slightest wind. Large trees may withstand 
this injury without serious consequences, but small trees of a 
few years’ growth are often seriously injured. 

16 


242 REPORT OF THE DEPARTMENT OF ENTOMOLOGY OF THE 


The extent to which young trees may be injured was well 
illustrated along the western shore of Seneca Lake during the 
spring of 1899. In-one orchard in the vicinity of Earls, several 
young plum and cherry trees were badly broken as a result of 
the punctures of the females. Another case near Dresden was 
that of a small vineyard in which the cicadas appeared in large 
numbers. When seen by the writer, June 9, nearly all of the 
vines were badly broken and in most cases the new growth 
wilted. An examination showed that the cicadas had selected 
the growth of the previous year in which to deposit their eggs, 
thus causing the new growth to wilt and finally die. As a 
result of the attack this vineyard produced very little fruit that 
year. Old wounds caused by deposition of the eggs afford lodg- 
ment for other insects, especially the woolly aphis, thus result- 
ing in a secondary injury which may be of a serious nature. 

How the eggs are deposited— The eggs are deposited in the 
twigs of both fruit and forest trees and of vines. In fact all 
kinds of trees are attacked except evergreens. At Plate XXV, 
which is from a snap shot from life, a female is shown, natural 
size, in the act of deposiling her eggs in the branch of a young 
_apple tree. She is enabled to place her eggs within the twig 
by means of her sharp ovipositor. This is a very strong instru- 
ment of a tough horny substance. It is spear shaped and con- 
sists of three pieces, the support or back piece and two lateral 
blades which slide up and down upon it and which have saw-like 
teeth on the edges. When ready to deposit eggs the female 
slowly forces her ovipositor into the twig, splintering the wood 
and placing the eggs at a slight angle close together and in 
double rows. The two converging double rows are deposited at 
one time. It has been estimated that a single female will 
lay from 800 to 600 eggs. The external evidence that eggs have 
been deposited is made very plain by the bits of splintered wood 
that project above the surface of the bark as shown at Plate 
XXIII, Fig. 3. Fig. 4 is from a photomicrograph showing the 
twig much enlarged, cut open lengthwise exposing part of one 
row of eggs. The period of incubation usually varies from about 
six to seven weeks. 
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SUMMARY OF LIFE HISTORY. 


The periodical cicada lives in the ground during most of its 
life. The seventeenth year in the north and the thirteenth year 
in the south pup appear above ground. The winged adults 
escape in a few hours. Their life is short, probably varying from 
about two to three weeks. Eggs are laid in the twigs of decidu- 
ous trees, shrubs and vines. They hatch in six or seven weeks. 
The young drop to the ground and work their way into the 
soil. They feed upon the sap from the roots, which they secure 
by inserting their beaks into the bark. They probably move 
but little, but live in a cell of earth just large enough to accom- 
modate their bodies. The larval and nearly all the pupal life is 
passed in the ground. Slight injury may be caused by sucking 
the sap from the roots, but the principal injury results from 
depositing the eggs in the twigs. 


BROODS. 

Two distinct races— Two distinct races of the periodical 
cicada are known, the seventeen and the thirteen-year races. 
The former is confined to northern temperatures and requires 
seventeen years to complete the life cycle, while the latter is 
confined to the south and requires but thirteen years. 

Number of broods and distribution — The number of broods 
was originally placed by Dr. Riley at twenty-two. Later investi- 
gations by Marlatt" resulted in his placing the number at 
thirty and renumbering all of the broods. The distribution is 
evidently confined to the United States east of the Rocky 
Mountains where the cicadas have been found in varying abund- 
ance in every State except Maine and New Hampshire. 

An interesting table has been prepared by Marlatt giving the 
old and proposed enumerations of the broods. Of this table 
Mr. Marlatt! says: “The following table, beginning with 1893, 

-when the initial broods of both the seventeen-year and thirteen- 
year series appeared in conjunction, illustrates the new nomen- 
clature suggested, and in parallel columns also are given the 


1U, 8. Dept. Agr., Div. Ent , Bul. 18, n. s., p. 53. 
"U.S. Dept. Agr, Div Ent., Bul. 18, n.s., p. 54. 
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corresponding nomenclatures proposed by Professor Riley, by 
Walsh and Riley, by Fitch and the year records in Dr. Smith’s 
register.” The table is as follows: 


NOMENCLATURE OF THE BROODS OF THE PERIODICAL CICADA. 
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OBSERVATIONS IN WESTERN NEW YORK ON THE BROOD OF 1899. 


Distribution.— To ascertain the distribution of this brood in 
the State a number of localities where the adults were abundant 
were visited. Reliable information was also received from other 
points and it was finally ascertained that the cicadas had ap- 
peared in the following localities: In Monroe Co., on the north- 
east shore of Irondequoit Bay, and in the vicinity of Webster; 
Livingston Co., Geneseo and Sonyea; Ontario Co., Manchester, 
Victor, Padelfords, Farmington, Bloomfield, East Bloomfield and _ 
Billsboro Station; Yates Co., Earls, May’s Mills and Dresden and 
points between; Cayuga Co., Union Springs and points extending 
about three miles north, three miles west and seven and one-half 
miles south; Madison Co., Chittenango and vicinity; Onondaga 


on 
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Co., Syracuse, Onondaga, and points south in the Onondaga 
Valley. Doubtless there are many other localities in the State 
where this brood appeared that are not mentioned here. 
According to Marlatt! this brood also occurs in Wyoming Co., 
and in Pennsylvania in Allegheny and Washington counties. 


Date of first appearance.— The earliest date of the appearance 
of the adults of this brood which we have was June 1, when a 
few appeared near Victor, Ontario Co. But few emerged, how- 
ever, until June 4, when they appeared in swarms, increasing in 
numbers during the following two or three days. On June 9, the 
females were depositing eggs. Egg laying was continued actively 
during the following week and was observed as late as June 19. 
June 20 they had almost entirely disappeared. 


Localities in which the locusts were most ‘abundant.— The 
swarms of locusts were confined largely to woodlands and old 
orchards. Here and there a few appeared in cultivated fields, 
indicating that in previous years they had covered wider areas 
but had been reduced in numbers, probably by the cultivation 
of the soil. In the localities along Seneca and Cayuga lakes, 
especially the former, where the brood appeared, the local dis- 
tribution was sharply marked. They were found very largely 
in the wooded gulleys along the lake and in the orchards border- 
ing them. In a few instances they were also found in groves on 
high land. 

Evidence that the brood is decreasing in numbers.— Evidence 
that the brood is decreasing is furnished by its history. A num- 
ber of old residents state that the locusts were less abundant in 
1899 than 17 years previous. In the vicinity of Earls and Dres- 
den two old residents remembered them 34 years previous to 1899 
and one 51 years previous to that date. During the memory of 
these men the cicadas have become greatly lessened in numbers. 
The two previous swarms had appeared over much wider areas, 
extending from the lake back to the top of the hills, while the 
only areas occupied by the last swarm were back from the lake, 
and, as previously stated, confined largely to the gulleys. 


18UY S. Dept. Agr., Div. Ent., Bul. 14, n. s., p. 32. 
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OTHER EXPECTED BROODS. 

History and distribution of 1902 brood.— The brood due to 
appear in 1902 (Brood X of Marlatt’s enumeration, XXII of 
Riley’s enumeration) is one of the largest, if not the largest, of 
the 17-year broods. In this State it is located in Niagara, Mon- 
roe, Kings and Richmond counties. The exact distribution in 
this State is probably not known. As-it is of importance to 
ascertain its limits, and especially the localities where the adults 
appear in greatest numbers, the writer will be especially glad to 
receive information from those who observe them this spring as 
to the time, numbers and localities in which they appear. This 
brood also occurs in the following states: Alabama, Delaware, 
District of Columbia, Georgia, Illinois, Indiana, Kentucky, 
Maryland, Massachusetts, Michigan, New Jersey, North Caro- 
lina, Ohio, Pennsylvania, Tennessee, Vermont, Virginia, West 
Virginia and Wisconsin. 

Other broods in New York State.— Brood XIV" (VIII) due in 
1906 is located at points on the eastern half of Long Island. 
Also throughout the District of Columbia; in Georgia, [linois, 
Indiana, Kentucky, Maryland, Massachusetts, New Jersey, 
North Carolina Ohio, Pennsylvania, South Carolina, Tennessee, 
Virginia and West Virginia. Brood II (XII) due in 1911 is 
located over a wide area in eastern and southeastern New York, 
extending the entire length of the Hudson River Valley and north 
into the Lake Champlain region, including the following coun- 
ties: Albany, Dutchess, Greene, Queens, Suffolk, Richmond, 
Orange, Putnam, Rensselaer, Rockland, Saratoga, Ulster, Wash- 
ington and Westchester. It also occurs in the following states: 
Connecticut, New Jersey, District of Columbia, Maryland, Vir- 
ginia, North Carolina, Pennsylvania, Indiana and Michigan. 
Brood VI (XVII) which appeared in Richmond and Westches- 
ter counties in 1898 will be due again in 1915. It is known to 
occur also in Illinois, Michigan, New Jersey, North Carolina, 
Ohio, Pennsylvania, Virginia, West Virginia and Wisconsin. 
Brood VIII (XX) is due in 1917. It is not positively known 
whether any portion of this brood is located in this State or not, 


14Marlatt’s enumeration; numbers in parenthesis Riley’s enumeration. 
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but if so in the extreme western part of Chautauqua County only. 
It is located in Massachusetts, Ohio, Pennsylvania, West Vir- 
ginia and possibly Illinois and South Carolina. 


METHODS OF CONTROL. 

Protection.—When occurring in large numbers, there seems 
to be no practical method of controlling the adults except over 
very small areas. Experiments with pyrethrum, kerosene emul- 
sion and various acids have shown that all of these substances 
have some effect but are probably of little practical value. Small 
trees, shrubs and vines can be protected from the adults by cover- 
ing them with sheeting or some similar material or with wire net- 
ting. This, of course, would be practical only in the case of a 
few choice plants. As a means of reducing the numbers of a 
brood in any locality the pruning of branches in which eggs have 
been deposited if taken in time will prove effectual. The injured 
branches should be cut out soon after the eggs are deposited. As 
a further precaution against injury by the adults, young stock 
should not be planted during the two years previous to. their ap- 
pearance in those localities where the insect is known to occur. 

Natural enemies.»—A number of parasites attack the periodical 
cicada including some interesting mite parasites of the eggs. A 
species of digger wasp is also known to attack the adults. A 
number of birds also feed upon them. Among birds the English 
sparrow is said to be their greatest enemy. Chickens will also 
feed upon them. In one case reported to the writer a hen was 
observed to devour fourteen in quick succession. Fox squirrels 
and ground squirrels have been observed feeding upon them. In 
cases where the cicadas fell into the water blue cat fish, black 
bass and white suckers have been known to feed upon them. A 
fungus disease also attacks the adults. 


DOG-DAY CICADA. 

A related species often mistaken for the periodical cicada.—A 
species which is often mistaken for the periodical cicada is known 
as the dog-day cicada or harvest fly, Cicada tibicen Linn. It 


18For an extended account of the natural enemies of the periodical cicada see U. S. 
Dept. Agr., Div. Ent., Bul. 14, n. s., pp. 95-107. 
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requires but two years to develop; and as there are two broods 
the adults appear every year. This species is larger and the 
body is more wedge-shaped than the other. Its black and green 
color and the powdered appearance on the under side of the body 
also easily distinguish it from the smaller species. The song is 
a high sharp trill, most commonly heard about mid-day. Plate 
XXII, Fig. 4, shows a dog-day cicada with its wings spread. 


II. THE PALMER WORM. 


During the spring of 1900 many of the apple orchards of 
western New York became overrun with a small, active cater- 
pillar popularly known as the palmer worm and scientifically as 
Ypsolopus pometellus Harr. It was most abundant in Erie, 
Niagara, Orleans, Genesee, Monroe, Ontario, Wayne and Cayuga 
counties. The history of the insect shows that it has appeared in 
large numbers only after long periods of years, and that it usu- 
ally disappears as suddenly as it comes. We were, therefore, 
much interested to know whether the insect would be true to its 
record and disappear this time as quickly as it came. Accord- 
ingly, we took pains to ascertain whether it had again appeared 
in numbers during the past season but were unable to locate an 
orchard in which it was abundant. As was to be expected, how- 
ever, an occasional one could be found, and rarely a tree would 
contain quite a large number, showing that some agency or 
agencies, probably climatic, had prevented the development of a 
large percentage. Whether it will remain reduced in numbers 
for another long period of years remains to be seen. 

Food plants and nature of injury.— It is probable that this 
species has a large variety of food plants. Fitch,” recording an 
outbreak in 18538, considered the oak and the apple the most 
seriously injured, but adds that “all other trees and shrubs were 
more or less infested with the worms at this time.” Of the fruit 
trees the apple is evidently preferred although the caterpillars 
are known to feed upon the plum and cheery.” The writer has 
observed them in a few instances feeding upon the pear. 





16Noxious Insects of New York, p. 224. 
7Harris, T. W. As quoted by Slingerland in Cornell Univ. Agr. Exp. Sta. Bul. 187, p. 89. 
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When attacking fruit trees the caterpillars feed upon both 
leaves and fruit, skeletonizing the former and eating irregular 
holes in the latter. (Plate XX VI, Figs. 5 and 2.) The injury to 
the fruit is quite characteristic. A shallow area is eaten out on 
one side and sometimes over a considerable portion of the fruit, 
from which one or more deep channels lead into the interior. 
Plate XX VII shows the characteristic injury to a young apple. 
The caterpillar is about to enter the channel. Favorite fruits 
for the caterpillars to work upon are those that hang so as to 
touch each other. In such cases the shallow area is often eaten 
out on both fruits and a deep channel made into each so that 
the caterpillar can pass from the interior of one directly into 
the interior of the other. In some cases very small apples may 
have nearly all the interior eaten away, the injury much resem- 
bling that of the green fruit worms. The result of such injury 
is to prevent the development of the fruit or cause it to become 
distorted. 

DESCRIPTION AND NOTES ON LIFE HISTORY. 

The egg.— The egg-laying habits of the females have remained 
amystery. So far as we have been able to ascertain there is no 
record of where the eggs are laid and no description of the egg. 
With the hope of securing some of the eggs a large number of 
moths were kept in confinement. No eggs were secured except 
in two instances. The moths that laid these eggs were kept in 
small glass bottles with a single apple leaf that had been care- 
fully examined before being placed in the bottle. After a few 
days two eggs were found on one leaf and one on another. They 
were stuck lightly to the surface and were easily jarred off. 
Two were placed on the upper and one on the under surface. 
None of the eggs hatched. In color they were pearly white, 
oblong-oval in shape, obtusely rounded at one end and tapering 
slightly toward the other. The shell was quite delicate and 
easily broken except at the smaller end where it was thickened. 
They were about uniform in size and measured 36 mm. by 
16 mm. 

The failure to secure eggs from the other moths and the fact 
that these eggs did not hatch, indicate that the conditions under 
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which they were secured were not normal. It is not improbable, 
however, that eggs are occasionally laid during the summer by 
the adults of the spring brood, as occasional young and full- 
grown larvze were found by the writer late in August and on ~ 
September 19. Some of the young larvee taken in September 
measured less than one-quarter inch, indicating that they had 
recently hatched. Adults were found on the former date but 
none on the latter. Although careful search was made but 
few larve were found, and these were scattered in several trees. 
The occurrence of the larve at this time of year means one 
of two things, either that they belong to a second brood or that 
there may be a great delay in the time of egg-laying among 
certain individuals that probably lay their eggs normally in the 
spring. The former seems to us the more probable as it would 
not be unnatural, while so long a delay in either egg laying or 
the development of the egg would seem to be extreme. 

Although the life history of this insect is not yet well under- 
stood it seems probable from the time the larve appear and the 
fact that the adults have been kept alive until late in October,® 
that the eggs are laid in the spring by the moths which have 
lived in some protected place during the winter. 


The larva.— The larve or caterpillars appeared early in June. 
Individuals kept in our breeding cages were about three weeks 
in reaching maturity. They are very active when disturbed, 
violently jerking and wriggling the body and often dropping 
suddenly from the leaf or fruit and suspending themselves in 
the air in the same manner as the canker worms. On the leaves 
they make sheltered retreats for themselves by drawing over the 
edge of a leaf and fastening it by silken threads or by spinning 
a covering of silk over a depression in the leaf. At Plate 
XXVIII a caterpillar is seen in a partially completed retreat. 
Not infrequently these retreats are abandoned without being 
completed. They also often draw two or three leaves together 
making a nest after the manner of the larva of the bud moth. 
The soft parts of the leaves in the immediate vicinity of these 
hiding places are eaten, until finally it is necessary to seek food 
elsewhere, when new shelters are constructed. When alarmed 














18Slingerland. Cornell Agr. Exp. Sta Bul. 187, p. 95. 
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the caterpillars will often seek one of their retreats if near to it. 
The following manuscript notes by Mr. P. J. Parrott, who 
studied the insect in the Huntress orchard at Manhattan, 
Kansas, are interesting in furnishing additional data on the 
habits of the larva. 

“The amount of damage that this insect can do is remark- 
able. In some instances it will eat all of the leaf as far as it is 
feeding, while in the majority of cases it will consume the pulpy 
parts of the foliage, leaving in many cases nothing but the 
larger veins, ribs and stem of the leaf. The insect in the larval 
stage does not always feed exposed, but generally has more or 
less of its body protected by a case formed from an apple leaf 
or, in the commencement of the building of a new case, it hides 
in the bottom of an enfoldment of a leaf, protected by a silken 
roof of its own manufacture. The insect commences the folding 
of a leaf in any of the following ways: First, when the upper sur- 
face of the leaves forms a concavity the larva will commence its 
work along the main rib. It lies parallel with the rib, and 
Swings its head from-side to side alternately, now frontwards 
and now backwards, attaching each time to the sides of the leaf 
a fine thread till a coarse network of silken threads is formed; 
second, on the lower surface when the lateral edges of the leaf 
are folded in towards that side; third, when any part of the 
leaf is turned or inclined to turn on itself, the larva will seek 
such a hollow, and draw the edge of the leaf over itself after 
the manner of first and second cases; fourth, when a leaf is in 
contact with another or overlaps within a short distance, the 
two are connected by the silken threads. . 

“As soon as it is hatched the larva commences to construct 
coverings after the manner described. Whatever the covering 
may be it leaves one or more apertures through which it may 
project a part of itself or sometimes entirely emerge to eat. 
When the covering or case is just formed the larve seem to 
prefer the parts of the leaf adjoining the case, but when this is 
devoured they commence to eat the pulpy parts of their case, 
and possibly do eat more or less of this from the very beginning, 
but more so when they have devoured most of the leaf. When 
the greater part of a leaf is destroved and nothing remains of 
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their case but the veins and silken threads they abandon their 
case, crawling to some more removed spot, all the time moving 
hither and thither as if using some sense of discrimination till a 
suitable leaf is found. At other times they drop down with a 
web to leaves below; they may crawl to the end of a twig and 
eat into the terminal part; while in some instances, having eaten 
the greater part of the leaf, they will commence to work on the 
stem of the leaf, which in some cases they have severed, thus 
either precipitating themselves to the earth together with the 
leaf, whereon they commence to crawl for that or another tree; 
or, falling upon a branch below they then pass to other leaves. 

“ Larvee at different parts of the day are to be found either 
outside of their cases, on the same or opposite side of the leaf, 
or just projecting out their heads from one side or the other - 
of their cases within a short radius. The adults of these larvxe 
were kindly identified by Dr. C. H. Fernald.” 

The full grown larva measures about one-half inch in length. 
It is slender and tapering in shape. The color of the body varies 
from a flesh color to a sulphur-yellow tinged with green, or 
more decided greenish tints. The head and shield vary from 
light yellowish brown to dark brown. The legs and prolegs are 
yellowish to yellowish brown. The most prominent markings of 
the body are three broad dark lines extending the full length 
of the dorsum. The middle line may be divided longitudinally 
into two finer ones. This line is usually lighter than the others. 
The body is sparsely covered with fine hairs which arise from 
small black dots. 

The pupa.—When about to pupate the larva attaches itself 
usually to a leaf, but not infrequently to the fruit or twig. (Plate 
XXVI, Fig. 3 enlarged; Fig. 5 shows an injured leaf, natural 
size, with pupe attached.) Most of the pupe found by the writer 
in the orchards were attached to the leaves. They measure about 
one-quarter inch in length and are reddish brown to dark brown in 
color. The pupa stage probably lasts about 8 to 10 days as 
a rule, as a large number of individuals in confinement averaged 
about this number. Slingerland! states that in their cages 


19Cornell Agr. Exp. Sta., Bul. 187, p. 94. 
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“Many pupe were found naked on the surface of the soil, and 
others in a slight silken web just beneath the surface of the 
soil.” The majority of the pupz are probably formed late in 
June. 


The odult.—The adults appear during the last days in June or 
early in July. Most of those under our observation emerged 
during the first ten days of July. They are small active moths 
that fly toward dusk or at night, hiding during the day in any 
convenient retreat. They measure about three-eighth inch in 
length and about one-half inch from tip to tip of the expanded 
wings. They rest with the anterior part of the body well up. 
The color is slate or ash gray, often with a brownish tinge. 
The fore wings are marked with small dark spots. Four larger 
ones are readily distinguished near the middle and sometimes 
one near the base. A dark patch or broad line marks the tip 
which is also bordered with small black dots. These dots may 
extend along the anterior and posterior margins, either one or 
both. The posterior wings are dusky colored with a steel blue, 
or as Slingerland™” has described it, an azure blue reflection. 
They are heavily fringed. (Plate XX VI, Fig. 6; and Fig. 7, 
middle figure.) The joints of the antenne are alternately dark 
and light. Plate XX VI, Fig. 4, shows a moth natural size with 
wings expanded. 

The variations in the markings of both larve and adults have 
resulted in the same species being described under different 
names.4 Fitch?’ describes six varieties based on the markings 
of the wings. Three variations from the typical form (Plate 
XXVI, Fig. 6) are shown at Fig. 7. The two lower wings do 
not seem to come under any of Fitch’s varieties, but the lower 
one was supposed by him to belong to a distinct species. Slin- 
gerland* retains this as a variety. 

From the published accounts of this species it appears that 
the life of the adult is not yet well understood. It seems prob- 
able, however, that the species hibernates in the adult stage. 

20Cornell Agr. Exp. Sta., Bul. 187, p. 85. 

21For synonomy of this species see Slingerland’s list in Corneil Univ. Agr. Exp. Sta., Bul. 
187, pp. 100-101. 


22Fitch. Noxious Insects of N. Y., 2d Report, p. 229. 
23Cornell Agr. Exp. Sta., Bul. 187, p. 85. 
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The facts that the adults have been kept alive in breeding cages 
until late in October, see p. 250, and found active in the orchards 
late in August furnish evidence strongly indicating that the 
adults live over winter. 


SUMMARY OF LIFE HISTORY. 


The caterpillars appear in June and feed upon both leaves 
and fruit. In about two weeks they are full grown. The chry- 
salis is naked and found in secluded places in the injured leaves 
or upon the bark or under rubbish, or in the grass under the 
trees. The adults appear in about ten days. It is probable that 
they hibernate, making but one annual brood. Young larve 
found in September indicate a partial second brood. Little is 
known of the egg laying habits. It is a natural supposition 
that they are laid in the spring on the twigs or leaves. 


METHODS OF CONTROL. 


The sudden appearance and equally sudden disappearance of 
this insect have given practically no opportunity for experiment 
with remedies. But as the caterpillars feed openly on the leaf 
tissue, Spraying with arsenical compounds would without doubt 
prove effectual. During the outbreak of this insect in 1900 it 
was very noticeable that the orchards that had been sprayed 
were comparatively free. One case especially, that came under 
the writer’s observation, illustrated this. This orchard had not 
been sprayed that season, and was overrun with the insects. 
Two other orchards in the neighborhood that had not been 
sprayed were also infested while the sprayed orchards were in 
every case practically free. 


III. WHITE GRUBS ATTACKING ASTER PLANTS. 


The larve of the May beetle, Lachnosterna fusca Froh., and 
allied species feed upon the roots of a large variety of plants. 
The adults or beetles feed upon the leaves of a variety of trees 
and shrubs. In western New York nursery stock, especially 
young fruit trees, is often seriously injured. The grubs of the 
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species above referred to are evidently the most numerous and 
consequently do-the most damage. They feed upon the roots, 
often eating the main root nearly off. 

The field of asters that was injured by the grubs is located 
on the outskirts of Geneva. It contained about 20,000 plants 
of several varieties. The soil was principally sandy loam. The 
year previous a crop of nursery trees had been removed from the 
field. The aster plants began to show injury from the work of 
the beetles about the middle of July. The injured plants began 
to wilt suddenly and soon died. Examinations made during 
the latter part of July showed about ten per ct. of the plants 
injured. Later a few more plants were destroyed by the grubs, 
making the percentage of injured plants somewhat higher. The 
grubs were usually found feeding at the crown of the root and 
for a short distance above. Plate XXIX shows two grubs, 
natural size, feeding. In every case the bark had been eaten 
off all the way around the stem and in many cases the stem 
was completely severed. From one to four grubs were found 
at each plant. 

The grubs were all nearly full grown and hence were in their 
second year. If left undisturbed they would have emerged as 
beetles the year following. The eggs were laid in the ground 
during the spring of the year previous and the young grubs were 
evidently supplied with food by the roots of the nursery trees. 
The removal of the trees took this food away from them, which’ 
meant that the crop that followed the next year would be sure 
to be injured by them. 

No attempt was made to revive the injured aster plants, but 
as soon aS one was observed to be wilting it was dug out and 
the grubs destroyed. By going over the field every day for 
about a week during the middle of July large numbers of the 
grubs were killed; probably most of them, as there was but 
comparatively little injury later. White grubs are difficult to 
check after a field has become infested. Prevention is by far the 
most satisfactory. If land is left in meadow for several years 
it is more apt to become seriously infested than if a short rota- 
tion of crops is practiced. 
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TV. PAPILIO ASTERIAS ATTACKING CELERY. 

The larva of this species is popularly known as the celery 
caterpillar and in some localities the parsley caterpillar. It is 
known to feed upon a variety of plants of the family Apiacee 
(Umbellifere) among which are parsnip, parsley, dill, fennel, 
anise, caraway and carrot. In the celery growing section the 
caterpillar sometimes become quite abundant. During the 
spring and summer of 1900 and 1901 they were quite numerous 
in the vicinity of Geneva. They were especially noticeable on 
young celery plants in the seed beds, where they were sufficiently 
numerous to require attention every day. : 

The newly hatched caterpillars are nearly or quite black, with 
a white band about the middle and one toward the posterior 
end of the body. By the time they have become full grown 
they have changed to a pea-green color with a black band on 
each segment. In each of these bands are four orange-yellow 
spots, two on each side. Plate XXI is from a photograph, from 
life much enlarged, of one of these caterpillars nearly full grown. 
It was feeding on the celery stalk just before the picture was 
taken, but was induced to stop for a moment by a gentle jar 
of the stalk, when it assumed the attitude shown in the picture 
just long enough to be photographed. The same caterpillar is 
shown natural size at Plate XXII, Fig. 5. 

The adult is one of the well known “swallow tail” butter- 
flies. Both the males and females are black, with sulphur- 
yellow and steel-blue markings. The former has two bands or 
rows of sulphur-yellow spots crossing the wings on the outer 
half, between which are flecks or spots of blue. On the inner 
angles of the hind wings are eye spots nearly or quite sur- 
rounded by red. The female is less prominently marked with 
the sulphur-yellow spots but the blue spots are more prominent. 

The insect lives over winter in the chrysalis stage. The adults 
appear in May or early June and soon begin to lay eggs on the 
leaves, usually on the under surface of the plants that are to 
furnish food for the caterpillars. They hatch in about ten days. 
The young caterpillars feed voraciously and increase in size 
rapidly. In about two weeks they are full grown and seek a 
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sheltered place in which to form the chrysalis. Often the chry: 
salis will be found on the under side of the leaf upon which the 
caterpillar has been feeding. The adults emerge: in from ten 
days to two weeks. Eggs for the second brood are soon laid. 
The chrysalids of this brood remain until the following spriag 
before the adults appear. 

The caterpillars are seldom sufficiently numerous to cause 
serious injury, but if abundant they are usually held in check 
by jarring from the infested plants or handpicking. Spraying 
with paris green or other arsenical compounds, where prac- 
tical, is an effectual method of destroying them. If paris green 
is to be applied, use one pound to each 150 gallons of water 
with the addition of enough freshly slaked lime to make the 
mixture somewhat milky in appearance. r 
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TREATMENT?“ FOR SAN OSE SCA LEAs 
ORGEHARDS wale 


SPRAYING WITH KEROSENE AND CRUDE PETROLEUM. 
F. A. SIRRINE.. 


SUMMARY. 


The results of these tests, considered in connection with 
others previously reported by this and other stations, appear 
to indicate that spraying with kerosense or crude petroleum is 
safe and effective under the following conditions: 

In using kerosene, only the best grades should be employed, 
as the lower grades are very liable to injure the trees. 

Mechanical mixtures ranging from 15 to 25 per ct. can be 
used on apple and pear while the trees are in full leaf with but 
slight injury to the trees; while mixtures of even less strength 
are liable to cause some injury to stone fruits under the same 
conditions. Such dilute mixtures appear to be of value only 
against young insects unprotected by scales. 

A good grade of kerosene can apparently be applied to large, 
vigorous pear and apple trees while they are completely dor- 
mant and cause little injury; but not to such trees after the 
sap begins to flow. With stone fruits, on the contrary, especi- 
ally with peach, dormant trees suffer from even dilute mix- 
tures, but even pure kerosene may be applied to such trees 
while the buds are swelling but are still unopened. 

Peach and plum can be sprayed quite safely with 25 per ct. 
mechanical mixtures of crude petroleum (4814° to 44° Baumé, 
0.79 sp. gr.) after buds commence to swell. If treated while 
dormant the trees are generally injured, often killed. 


*A reprint of Bulletin No. 213. 
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It is unsafe to treat pear and probably apple with crude 
petroleum of the strength given, after buds have commenced 
to swell; but even 50 per ct. mechanical mixtures may be used 
on dormant apple and pear trees. Scale insects, even when 
fully exposed, were not all killed by a 15 per ct. strength of 
crude petroleum; though two applications of this strength were 
effective or one of the 25 per ct. strength. 


INTRODUCTION, 

As stated in Bulletin No. 209, conflicting results have been 
obtained from the various methods of combating the San José 
scale-insect. Consequently, it is a difficult matter to recommend 
any method and not have the recommendation opposed by nega- 
tive results obtained in some cther section of the country. For 
the most part, the conflicting results have been obtained in the 
use of coal-oil in some of its forms; although some such results 
have been secured when different experimenters have used the 
so-called “ whale-oil soaps.” In the latter case the diversity of 
results is probably due to the use of a soft soap in one case and a 
hard soap in another. 

The tests given in the following report indicate that the diverse 
results obtained in using kerosene and crude petroleum by dif- 
ferent testers can be accounted for by the lack of uniformity in 
time of making tests, in variety of trees treated, in grades of oil 
used, or in methods of application. 


HISTORY OF STATION TESTS. 

In Bulletin No. 194 of this Station results are given of careful 
tests in western New York, on dormant trees under nursery con- 
ditions, with two grades of kerosene, each undiluted and com- 
bined with different percentages of water; and in Bulletin No. 
202, tests with crude petroleum in the same section are described. 

The experiments here reported were made in southeastern 
New York at the same time as those noted in the bulletins just 
referred to. The same grades of kerosene and their mechanical 
mixtures were used on dormant trees under orchard conditions 
on Long Island; and, later, tests were also made with two grades 
of crude petroleum. 
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OBJECT OF TESTS. 
The object of making these coordinate tests was to determine, 
if possible, some of the causes for the many uncertain and con- 
flicting results in the use of kerosene and crude petroleum; and, 
at the same time, to compare the use of these oils with fumiga- 
tion, especially as regards practicability and cost. 


CONDITIONS. 

All tests in the Second Judicial Department (on Long Island 
and in Westchester Co.) were made in the orchard. The trees 
were first sprayed, then pruned. The pruning was done after 
the spraying rather than before, as is the common practice, be- 
cause nothing could be saved by pruning first; since just as much 
oil must be thrown, when using a Vermorel nozzle, to cover one 
small branch as to cover many. Furthermore, where crude petro- 
leum was used, by first spraying and then pruning, untreated 
branches could be removed. 

All applications were made by means of a Gould tripod “ Kero- 
water” pump, and Gould Vermorel nozzles having the smallest 
aperture made. All oils were purchased of the Standard Oil Co. 

In all cases where attempts were made to apply mechanical 
mixtures of oil and water of a certain percentage the mixture 
varied at least 5 per ct. each way. Thus, where we attempted to 
use 1% per ct., the amount fluctuated between 10 and 20 per ct.; 
between 20 and 30 per ct. for 25 per ct.; between 45 and 55 per 
et. for 50 per ct.; and between 55 and 65 per ct. for 60 per ct. 
During the spraying at any given percentage and whenever the 
pump was changed from one percentage to spray a different one, 
it was tested to determine if it gave approximately the required 
proportion of oil. 


TESTS OF OILS AS WASHES FOR SAN JOSE SCALE 
INSECT. 


During the winter of 1899 and 1900, preliminary tests of two 
grades each of kerosene and crude petroleum were made. The 
tests were divided into two series. Of the kerosene tests, Series 
I consisted of 100° flash test (‘‘ distillate”), costing 1214 cents 
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per gallon; while Series II consisted of 150° flash test (‘“‘ water 
white ’”’), costing 1234 cents per gallon. Of the crude petroleums, 
that in Series I had a specific gravity of 0.8387 (35° on Baumé 
oil scale) and was called ‘‘ reduced oil or gas oil,” costing 1034 
cents per gallon; that in Series II had a specific gravity of 0.795 
(4314° on Baumé oil scale). This was called crude petroleum 
and cost 11 cents per gallon. 


KEROSENE SERIES. 


The following tables show the results from applying oil of 
different strength, at different dates, and on different varieties of 
trees. The effect on the trees is first given, then the effect on the 
insects; while the discussion summarizes, as far as possible, the: 
results of Station tests and others of similar character. These 
tests were made in orchards at Cottage Gardens, Queens. 
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Taste [.— Errecr of KEROSENE ON TREES, 1900. 


SmRInS I. 100° FLASH TEST (“ DISTILLATE ”’). 


Trees sprayed Jan. 22. Clear, wind brisk, temperature 50° F. 


Strength 
of oil. 


Per ct. 
15 


25 


100 








Kind of tree. 








Date of 
examination. 


April 9 
April 20 


May 23 
Oct. 12 
April 23 


June 20 


April 11 
April 20 
May 23 
Oct. 12 
April 11 
April 20 
June 20 


April 14 
April 20 
May 23 


June 20 
June 20 


April 14 
April 20 
April 23 
May 1 


June 20 
June 20 








Effect on tree. 


Slight discoloration of inner bark ‘around 
buds. : 
Apparently in good condition. 


Bark shows injury in spots. 
Tree recovered. 
Part of branches injured. 


Tree one-half dead. 


Trace of injury to inner bark around buds. 
Apparently in good condition. 

Only slight injury where bark was rough. © 
Tree alive and vigorous. 

Twigs somewhat injured. 

Tree nearly dead. 

Tree dead. 


Slight injury to inner bark around buds. 

A few buds making an effort to start. 

All buds dead and inner bark injured. 
Plate XXX. 

Tree dead. 

Tree dead and removed. 


See 


Slight injury to inner bark noticeable. 

Buds making a weak start. 

Inner bark killed around buds and in spots 
over tree. 

A few buds expanding. Bark all killed 
near ground. 

Tree dead. 

Tree dead and removed. 
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SERIES II. 
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TABLE I — Continued. 


150° FLASH TEST (“ WATER WHITE”’). 


Oil applied Mar. 18. Partly overcast, no wind, temperature 


Stren 
of oil. 


Per ct. 


15 


25 


50 


100 


h 


Kind of tree. 








Date of 


examination. 


April 11 
April 23 
April 11 
April 20 
May 29 


April 11 
April 23 
April 20 


May 29 
April 11 


April 14 
April 23 
June 20 
Aug. 6 
April 20 


April 23 
May 29 


April 9 
April 14 


April 23 
May 29 


35°—40° F. 








Effect on tree. 


No injury apparent. 

No injury apparent. 

Twigs show slight injury. 

Tips of nearly all branches dead. 
Tree killed back two-thirds, 


No injury apparent. 

No injury apparent. 

Tips of nearly all branches dead. One- 
tenth of buds on body starting. 

Tree two-thirds dead. 


Inner bark around buds apparently in- 
jured. 

Twigs show some injury. 

Buds all show injury. 

Tree nearly dead. 

Tree dead and removed. 

Few buds starting at base of branches, tips 
all dead. 

Branches nearly all dead. 

Tree dead. 


Inner bark around buds and scars dis- 
colored. 

Twigs show some external injury. 

Tree severely injured and taken out. 

Tree dead and removed. 
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Taste II].— Errect or K®RoSEND ON San JOSE Scag, 1900. 


Strength 
of oil. 


Per ct. 


15 


25 


50 


100 


Strength | 


of oil. 


Per ct. | 


15 


25 


50 


sprigs 1. 100° FLASH TEST (“ DISTILLATE “ae 
Oil applied Jan. 22. 


| 
| 


| 
| Kind of tree. | 





Apple..... | 


rd 
ra) 
roo) 
O 
= 


ae] 
© 
tp 
O 
Fe 





Date of 
examination. | 


April 9 


April 11 
April 11 


eee eee 


os Haale 





Condition of scale insects. 


Slightly infested when treated. No live 
insects. 


Slightly infested when treated. A few live 
insects. 

Slightly infested when treated. No live 
insects. 


Not infested. 
Not infested. 


Not infested. 


| Not infested. 








SERIES II. 


Kind of tree. 











150° FLASH TEST (‘ WATER WHITE”’). 
Oil applied Mar. 13. 


Date of 


examination. 


April 11 
April 11 


April 11 


April 14 
April 20 


April 9 
April 14 





Condition of scale insects. 


Only slightly infested when treated. No 
live specimens found. 

Slightly infested when treated. Live scales 
found, 


Slightly infested when treated. No live 
scales. 
Not infested. 


Slightly infested when treated. Four live 
scales. 

No live specimens found. 

No live scales found. 


| Slightly infested when treated. One live 


seale. 
No live specimens found. 
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DIGEST OF RESULTS FROM USE OF KEROSENE. 


Effect on trees.—A study of the notes on results indicates that 
it is unsafe to use low grade kerosene, 100° flash test (“ dis- 
tillate ”) in a mechanical mixture of 15 per ct. with water, on 
peach trees before there is a movement of the sap, that is, while 
trees are dormant; also that a 15 per ct. mixture of the same 
il is liable to injure apple trees even though applied while the 
rees are dormant. eee | Diet | ae 

Powell! has shown that kerosene, 110° fire test, also known as 
‘fuel oil” applied pure to pear in November, killed over 50 
per ct. of the leaf and fruit buds. Lowe? found that a 15 per ct. 
mechanical mixture of 100° fire test kerosene, applied in summer, 
.njured leaves of pear and apple. The combination of these 
results indicates that it is unsafe to use low grade kerosenes at 
any season of the year on any kind of tree. 

In addition, the tests indicate that it is just as unsafe to use 

50° flash test kerosene (‘“ water white,” ordinary illuminating 

oil), in a 15 per ct. mechanical mixture on dormant peach as it 
is to use a low grade oil, at least before there is any movement 
of the sap or swelling of the buds. Lowe? has shown that a 20 
per ct. mechanical mixture of 150° “fire test oil” applied to 
peach while dormant killed trees. In Gould’s* tests peaches 
were killed back one-third by an application of this grade of 
kerosene in a 20 per ct. mechanical mixture, while the trees 
were dormant. ! 

Conversely a number of experimenters have found that 150° 
flash test kerosene can be applied to peach while in full leaf, in 
a 15 per ct. mechanical mixture, without injury. 

The tests also indicate that it is unsafe to spray apple, in this 
section at least, as late as March 13 with either pure or a 50 per 
ct. mechanical mixture of the above grade of kerosene. 

At Geneva, Lowe® only slightly injured apple by an applica- 
tion of pure kerosene applied as late as March 27. 

In Maryland, Johnson® injured apple by the use of kerosene 
as early as March 3. 





110th Rept. Del. Agr. Coll. Exp. Sta., 1898, p. 241. 
2N. Y. Agr. Exp. Sta. Bul. 194, 1900. 

3Idem. 

4Md. Agr. Exp. Sta. Bul. 73, 1901. 

By 0: 

‘Md. Agr. Exp. Sta. Bul. 57. p. 101, 1898. 
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As stated at first, many of the tests in different sections of 
the country have not only been made under different conditions, 
on different kinds of trees, or if on same kinds of trees, at 
different periods and applied by different methods, also on trees 
of various sizes, age and condition of vigor. Hence, it is not 
an easy matter to draw comparisons. It is fair to conclude, 
though, that only the better grades of kerosene should be used, 
the difference in price not being sufficient to warrant the risk of 
using the cheaper grades. Even the best grade of kerosene is 
liable to injure trees unless applied at proper seasons by means 
of good apparatus in the hands of careful workmen. 

The results, as a whole, indicate that mechanical mixtures 
ranging from 15 to 25 per ct. can be used on apple and pear 
while the trees are in full leaf with but slight injury to the 
trees; while the use of mechanical mixtures ranging from 10 to 
15 per ct. under same conditions is liable to cause some injury 
to stone fruits. Such dilute mechanical mixtures, however, ap- 
pear to be of value as insecticides only against the young insects 
‘before they have become fixed and cover themselves with a 
waxy scale. 

Apparently a good grade of kerosene can be applied to large, 
vigorous pear and apple trees while they are perfectly dormant, 
and cause but slight injury to the trees, but in this locality 
March 1 is liable to be too late. After the sap commences tv 
move there is more danger of injuring the trees. With ston’ 
fruits, especially peach, the reverse apparently holds good. Tha 
is, the use of even weak mechanical mixtures of kerosene on 
dormant peach is sure death to the tree, while during the period 
in early spring when the buds are swelling, but before opening, 
even pure kerosene can be applied with but slight injury. 

No matter what strength nor what grade of kerosene is used, 
it will not kill the scale insects that are protected by rough 
bark and by buds, nor will it kill those it does not strike. 


CRUDE PETROLEUM SERIES. 

These tests were made, for the first series at Huntington, on 

Long Island; for the second series, at Yorktown, Westchester 

County. The charts given show the arrangement of the trees in 

the orchards and the number and the varieties of trees treated 
with each strength of petroleum. 


ee 
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25 per ct. 0.79 sp. gr. 
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CuHarr I.— Test ORCHARD FOR CRUDE PETROLEUMS. 


15 per ct. 0.79 sp. gr. 
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TasLe III.— Errecr or Crupk PETRoLEUM ON TREES. 


SERIES 


Strength 


of oil. 


Per ct. 
50-60 


Applied 


Strength 
of oil. 


Percct: 
100 


SERIES 


Applied 


Strength 
of oil. 


Perce | 


25 





I. SPECIFIC GRAVITY, 0.837 (85° BAUME OIL SCALE). 
Applied Apr. 2 and 4, 1900. Clear, wind brisk, N. W. Trees 10 _ 


Kind of 
tree. 


Pear 


Kind of 
tree. 


Apple 
Peach 


If. 


Apr. 16, 1900. Clear, wind light, N 


Kind of 
tree. 


Pear 


Pear 








Mar. 13, 1900. 





| Apr. 





to 15 feet high. See Chart I. 


Date of 


examination. 


5 
15 
June 27 


May 


Date of 


examination. 


12 
23 
23 








SPECIFIC GRAVITY 0.795 (431,° 


Effect on trees. 


Trees have but few live buds. 

Trees show signs of developing latent buds. 

Two trees dead, six have some branches dead, 
remainder in same condition as those 
sprayed with 60 per ct. omnde >: Deana 
sp. gr. 0.79. 


Partly overcast, no wind, temperature 


35° F. 


Effect on trees. 


Both buds and branches killed. 
Trees dead and removed. 
Tree dead and removed. 





BAUME OIL SCALB). 


. W., temperature 


80° F. in sun. 


Date of 


| examination. | 


5 
15 
27 


May 
June 
May 

15 


June 


| 
| 


| Trees carry a small amount of fruit. 








Effect on trees. 


Some flower buds injured. . 
Trees in fairly good condition. 
Trees Cary considerable fruit. 


_ Trees injured, especially on side next to spray- 


ing outfit. 
Some trees have not developed over one-half 
their buds. ey 


New 
leaves and numerous branches from latent 
buds give them the appearance of being 

~ very healthy and vigorous. 








CuHart IT.—Pium and Pracu Orcuarps or Warren & Rice, Yorktown, N, Y. 


Pears scattered among currants, both 
treated with 15 per et. in Apr. 











2 be 
6 « 
; < 
FE : : 
3 z PR 
Ue © e468 40 o fa 
o ® 
Pe eS wire en <>, 
cen tees ee ert ig Pe oh 
CORRES <M = pyte ~ Ramee cle oda 
pate Ma aE EMSC tM PM iige pote IB a 
as Se OS Oe aa ea es 
ohn ot ae ae Ae = Se 3 
Sete Ee Be oe ae aes 
DS OO Sw. - SEES. 0 et Stee ok 
Belch. ob a eae 
mM 
Bs eae ee ae eee eee or ee 
- ~ 
5 g 
& Sy 
DN L 
x -¢ m a. OM 
Ho i oe OS ~» Kw KIN ~x OK 
x ew MM ~ bw Mle MK 
e 
Daze nabe~ 1) Mpe_alepe Pr be” Ueda cpe oO 
MoM MP ok ee ete | iM 
xq M Kk a ° a l = Moa 
o© 
S 3 
mn =] 
Z 2 : 
SM KM MO RR MMe Md 
ae = 
oy = oS 
= DN 
< ‘i 
iets Ge a a bas pd pe abd es 
ie ot came Meo <1 bs Oe 4 Wo 
» KW] H mK 
jo yery<s 2 
qd 4 <q KH |My 
if 
q Met 
a ‘e. 
d 4 


Fo 


nat . 
alate eee amamamenmieie a * 
i . 
. a 


PEACHES. 


Crawford 
Crawford | 


b 
Seedlin 
b 


g 









untreated 


Peaches 







al 
‘al 


bt 
bl 
el 
el 





269 


New YorK AGRICULTURAL EXPERIMENT STATION. 





: eyeullig 1d UlOJSUBALINH 3 
ysnog JeeMs qs yieg d esnewmey J 
TOMO) 53 ulddig uMOJMeNY du eor Ajiey fe 
gJOssny SN Adg WioyWoN su HINqUeP[C JO ssvyong Op 
uByovljsy pey BI usyyeuor f UIMpreg q 
uBIssnyy J uojsprsqqny q. AlJogMeljg uuINnjNy sv 
‘[ salvag ‘IJ saruagg 
(Y) (9) (9) (1?) (19) (19) 
x Buljpeos x {x {x 
1BIG K—-—--—-- + -- 
dx dx id x 3x igo B@ilx 
[lO “499 ded GI GPA ‘idy ul peavidg 
BIXx eix Bix Bix Bix B1Ix 
. yx sux seV qeia V7 opVv }3V 
y x qx qx gx yx qx 
qe= g= qv qv uv UV qv 
opx yx yx . qx qx yx 
x qx qx qx qx yx =x sni x 
fex fox }x jx {x {x 
= pi x qx qx qx sni Xx sni xX sni ~ 
Bx Bx ux qx qx qx x ae ana Ane, ee pa 
. qx ‘pezwerzan V 
3x Bx qx qx qx qx adax ‘idy ul peywoly, (12) 
os ae ‘Idy paw ‘00g ut pozywoly, (14) 
3X Bx q x qx q x qx {x "0eq Ul powell, (Tv) 
pee ee ee "qo Jed GZ O°] SaINaAg 
1 Ps oe 3x qx qx qx qx ‘idy Ul peyeeiy, (9 
‘Idy pue ‘d0q Ul poyeoly, ta} 
BY 3V7 qv qV av qv ‘daq] UL pezeoly, (V) 


‘40 10d Gf “[ surluag 


"KN ‘NMOLMYOX “GY Y GALINA, JO GUVHOUO WIiddyY—']]] LAVHO 


270 RepoRT OF THE DEPARTMENT OF ENTOMOLOGY OF THE 


Applied Apr. 2 and 4. Clear, wind brisk, N. W. 








Strength | Kind of Date of Effect on tresn 
of oil. tree. examination. , ie 
Per ct. 


15 | Trees have about one-quarter normal set_of 
leaves. Bark very thick and spongy. 
_June 27 | Trees have developed latent buds, branching 
profusely and appear very vigorous. 


50-60 | Peat ..+ | May 5 | Trees have but few living buds. 

















Applied Mar. 18. Cloudy, no wind, temperature 35° F. 














Strength | Kind of Date of | Pact ontrers 
of oil. tree. examination. : 
Fer ct. 
100 | Apple....; Apr. 12 | Slight injury to bark around buds. 


23 | Some branches with buds all killed. 
May 29 | Tree two-thirds killed. 
Peach.....| Apr. 12 | Buds nearly all dead. 

23 | A few buds making an effort to start. 
June 20 | Tree dead. 




















TABLE IV.— EFrect oF CRUDE PETROLEUM ON TREES. 


SERIES I. SPECIFIC GRAVITY 0.79 (44° BAUME OIL SCALE). 
Applied Apr. 12, 1901. Clear, wind brisk, S. W., trees 15 to 30 




















g feet high. 
Strength | Kind of Date of Wiact on troaa 
of oil. | tree. examination. .; 
Per ct. 
15 Peer at: May 17 | All trees show uneven application and con- 
siderable injury. 














EFFECT OF CRUDE PETROLEUM ON SAN JOSE SCALE. 

No living scale insects were found after treatment on the few 

slightly infested trees treated April 2 and 4 with crude petre- 
leum of 0.79 and 0.83 specific gravity. 


——_—" 
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/ 
TESTS AT YORKTOWN. 


During the winter of 1900-1901, two series of tests of crude 
petroleum were made at Yorktown, Westchester County, N. Y. 
The petroleum used had a specific gravity of 0.79 (44° on Baumé 
oil scale). Series I consisted of an application of 15 per ct. crude 
petroleum in a mechanical mixture with water as follows: 

(a) One application in December. 

(b) One application in December and one in April. 

(c) One application in April. 


Series II consisted of an application of 25 per ct. of crude 
petroleum in a mechanical mixture with water, under same 
conditions as Series I. In these tests the same spraying outfit 
was used as in previous tests. 


Conditions.— The tests were made on plum, peach; pear and 
apple. The plum orchard was the center of infestation, to most 
parts of which the scale was uniformly distributed. It con- 
tained 360 trees between eight and fifteen feet high. The varie- 
ties, with arrangement and treatment, are shown on Chart II. 
The pear and peach orchards joined the plums on the east. The 
pear orchard was very irregular, part being old and part recently 
set trees; all were sprayed as a precaution against possible infec- 
tion. The trees of the peach orchard which were slightly infested 
averaged about fifteen feet high. The arrangement and treat- 
ment of the latter is shown on Chart II. An apple orchard 
joined the plum orchard on the north; in this medium sized trees 
were twenty-five feet high. A few of the trees next the plum 
orchard were slightly infested. The varieties, their treatment 
and arrangement are shown on Chart IIT. 

In all five barrels of crude petroleum were used in these tests. 

The average specific gravity of the five barrels was 0.79 (44° on 
Baumé oil scale). 
. The winter treatments were made on December 7, 22 and 24. 
Clear, bright days with as little wind as possible were selected. 
The spring applications were made on April 12 and 13, under 
nearly the same conditions as those of December. 
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TABLE V.— Errect oF Crupp PETROLEUM ON TREES. 


SERIHS I. 


FIFTEEN PER CT. PETROLEUM; SPECIFIC GRAVITY 0.79. 


NUMBER OF TREAT- 
MENTS. 


(a) One, December. 


Kind of tree. 


Apple’. °. 


Peach 
Plum 





(b) Two, Dec., Apr..; Apple.... 


(c) One, April 


| Peach 
Plum 


| Apple. . 


Peach 
Plum 











Date of 
examination. 
Apr. 10 
May 16 
Aug. 26 
June 18 
Apr. 10 
June 18 
May 2 

16 
Aug. 26 
May 2 
May 16 
June 18 
Apr. 10 
June 18 
May 16 
Aug. 26 
June 18 
June 18 


Condition of trees. 


No trace of injury. 


Parks and Hubbardstons heavy 
set of flowers. 

Hubbardstons show fine set of 
fruit. 

No branches killed. No set of 
fruit, otherwise healthy. 

No injury apparent. 

Trees show rosettes of leaves as if 
affected with yellows. 


Trees not starting as early as un- 
treated trees. 


Parks show about three-fourths 





as much foliage and flowers as 
those of (a). 

Red Astrachans show only two- 
thirds as much foliage as those 
of (a). 

Hubbardstons show about one- 
tenth as much foliage and flow- 
ers as those of (a). See Plate 
XXXII. 

No fruit on Hubbardstons. 

Not starting as early as untreated 
trees. 

Some branches show injury. 

One tree shows one-third crop of 
leaves. One tree one side killed. 

No injury apparent. 

Trees show rosettes of leaves simi- 
lar to yellows. 


Northern Spy show some spurs 
without leaves and flowers. All 
trees show effect of uneven 
application. 

Fameuse is the only variety show- 
ing no reduction in set of fruit. 
No trace of injury, fair set of fruit. 
No injury that can be laid to crude 

ou. 
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TABLE VI.— Errect oF CRUDE PETROLEUM ON TREES, 


SPRIES Il. TWENTY-FIVE PER CT. PETROLEUM ; SPECIFIC GRAVITY 0.79. 





Baers. REAT-| Kind of tree 


(a) One, December | Apple 


Peach 


Plum 


(b) Two, Dec., Apr. | Apple 


Peach 


Plum 


ferene, April... 3. Apple 


Peach 


Plum 





Date of 
examination. 
Mar. 7 
Apr. 10 
May 16 
| Mar. 18 
Apr. 10 
May 2 
16 
June 18 
Mar. 7 
18 
Apr. 10 
June 18 
May 2 
16 
2 
| June 18 
May 2 
June 18 
May 16 
Aug. 26 
May 26 
June 18 
June 18 
Aug. 26 


1 


| 


c= 








Condition of trees. 





An occasional close-setting bud 
killed. Branches examined in 
laboratory. 

No injury apparent. (Examined 
in orchard.) 

Red Astrachans, Jonathan and 
Hubbardstons show fine setting 
of flowers and leaves. 

Trace of injury at union of one 
and two year old bark. (Exam- 
ined in laboratory.) 

Injury to bark also to buds and 
branchlets. 

Alt show injury. 

One tree dead. 

One tree with one live branch, 
other tree dead. 

Some dead buds but possibly not 
from treatment. (Examined in 
laboratory.) 

No trace of injury to bark. (Ex- 
amined in laboratory.) 

A few buds killed, no injury to bark. 

One tree two-thirds dead. Weak 
from attacks of scale. 

All show rosettes of leaves and 
young branches from same 
twisted. 

Trees starting late. 

Red Astrachans show about one- 
fifth as much foliage and flowers 
as those of (a). Jonathans in 
same condition. Hubbardstons 
show one-tenth as much foliage 
and flowers as those of (a). 
All show effects of uneven appli- 
cation. 

Trees making a feeble effort to start. 

Trees dead. See Plate XXXITI. 

Bark injured in spots. 

Many spurs without fruit of 
leaves. ‘Trees all show rosettes, 

Trees all show effect of uneven 
application.’ 

The set of fruit is light on all trees 
of this subseries. 

No trace of injury. 

No trace of injury, light crop of fruit. 

Leaves of some trees off color, 

“Off colored”? leaves have dis- 
appeared. 








1In some cases the trees show that all parts were not reached, while apparently in other cases — 


it was impossible to throw the spray onto the inner branches against the wind. 


18 
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TaBLE VII.— Errsect or Crupr PETROLEUM ON SAN JOSH SCALB. 


Conditions prior to treatment, April 10, 1901. (Examinations 
made in field with hand lens.) 


Living. Dead. Living. 


Pers; 
(a). Plum:slightly infested...c0i..0% 6iGtso eh ee 5 18 21.74 
Se - Daly infested 7p alc ua Maien tae cee 20 110 15.38 
(b) Peach moderately infested................... 7 173 | 3.88 
AVeragece che suka oie ey. ot GA we Eee 10.6 | 100.3 | 











_——_ —_ 
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TasLeE VII — Continued. 


SERIES I. FIFTEEN PER CT. PETROLEUM; SPECIFIC GRAVITY 0.79. 


Kind of 


Number of treatments. Kreg 


(a) One, December.} Apple.... 


Peach... 


Bhim: . 


(b). Two, Dec., Apr.| Apple.... 





(c) One, April..... Apple.... 
Peach.... 





Peach.... 


elute as. 


Promiess ss 





Date of | 





examination. 
Apr. 10 
Aug. 26 
Mar. 18 
| June 18 
Apr. 10 
June 18 
June 18 
Aug. 26 
June 18 
June 18 
Aug. 26 
Aug. 26 
June 18 
Aug. 26 
June 18 
Aug. 26 

















Condition of scales. 


Living specimens found near ends 
of branches on all trees infested 
at time of treatment. 

Jonathans show living scales on 
fruit. 

On twigs from slightly infested 
tree, no living specimens found. 

Living scales found on body of 
one tree. 

Living scales found. 

On trees badly infested at time of 
treatment, living scales were 
found near tips of branches. 


Living scales found near tips of 
twigs. 

Living scales found near tips of 
twigs. 

No living scales found. Slightly 
infested at time of treatment. 
No living scales found. Slightly 
infested at time of treatment. 

Living scales found on one tree. 


Living scales found on all infested 
trees. 

All trees infested prior to treat- 
ment, show living scales in 
exposed places. 

All trees infested prior to treat- 
ment, show living scales in 
exposed places. 

All trees infested at time of 
treatment, show living scales. 
In one case live specimens found 
on body of tree where there was 
still traces of oil. 

A few trees show scales on fruit, 
but not abundant enough to dis- 
figure. 
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Taste VIII.— Errect or CrupE PETROLEUM ON SAN JOSE SCALE. 


SERIES II. TWENTY-FIVE PER CT. PETROLEUM 3 SPECIFIC GRAVITY 0.79. 


Number of treatments. eee es ae Condition of scales. 
(a) One, December.} Apple....| Apr. 10 | A few living specimens found on 


infested trees. 
Aug. 2 | Jonathans show living scales on 





fruit. 

Peach....| Mar. 18 | No living scales on twigs sent for 
examination. 

Plum....| Mar. 7 | Living scales on twigs sent for 
examination. 


June 18 | Living scales found in exposed 
places. Trees moderately in- 
fested at time of treatment. 


(b) Two, Dec., Apr.) Apple....| June 19 | Living scales found on Jonathan. 
Nov. Living scale found on fruit of 
Jonathan. 
| Peach.... (Trees killed.) 
Plum ....}; June 18 _ Living scales found on one tree 
| slightly infested at time of 
treatment. 
CC) APCS ODI 55's b Apple... «|. Noy, A few living scales found on fruit 
' of Baldwins and Jonathans. 
Peach....| June 18 | Living séales found on body of 
| trees in exposed places.' 
Plum ....}| June 18 | Living scales found on trees in 


exposed places. 
Aug. 26 | Trees still show a few living scales. 














DIGEST OF RESULTS FROM USE OF CRUDE PETROLEUM. 


Ejfect on trees.—The tests made in the spring of 1900 show, 
first, that pure crude petroleum and even a 50 per ct. mechanical 
mixture of a grade known as “Gas oil” or “ Reduced oil” 
(specific gravity 0.837) cannot be safely used on either apple, 
peach or pear. Second, that crude petroleum, specific gravity 
0.795 or heavier, cannot be used even in a mechanical mixture 
of 15 per ct. on pear after the buds are swollen, without some 
injury to the set of fruit, and where used in a mechanical mix- 
ture of 50 and 60 per ct., all the fruit buds reached were killed, 


IMany of the living specimens found on peach and plum were in exposed places on body and 
larger branches. In most cases they were on the underside of a branch where it joined the body, 
or in spots’which showedslight’or"no’traces of crude’petroleum.f>, in one instance where the 1 
per cent mechanical’mixture was'used, they"were found’on the smooth’ bark of plum, where'they 
should have been reached, and’everything indicated’that they had been reached withfthe spray. 

1n the case of apples the living specimens"were‘generally found under buds.®: Their occurrence 
on fruit of apple, also on plum, indicstes that they were not reached at tips of branches, under 
buds and bud clusters. 
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and in addition this application caused the bark to become 
spongy. 

Spongy bark does not always occur. From observations in 
other orchards where crude petroleum was used, the indications 
are that sunlight and heat acting on the coating of vaseline, 
have something to do with producing this condition. 

It is fair to state that most of the above pear trees recovered 
from the treatment. By the latter part of June they are covered 
with new foliage, and as Dr. Smith’ says “ The oil seems to have 
acted as a stimulant, the sprayed trees have shown greater vigor 
and better foliage than those untreated.” The latter condition 
apparently resulted from the development of latent buds, which 
formed numerous small, undesirable branches. It is a question 
whether these branches were not of the same nature as what are 
called “ water-shoots ” indicating weakness of trees. 

Tests made in the winter of 1900-1901 show: First, that the 
use of a 15 per ct. mechanical mixture of crude peroleum, specific 
gravity 0.79, on peaches in December destroyed all fruit buds, 
and a 25 per ct. mechanical mixture killed the trees outright. 
Badly infested plums treated at the same time and in same man- 
ner with same grade of crude petroleum were somewhat injured; 
while apple trees treated on same dates with same amounts and 
grade of crude petroleum were not injured in the least. 

Second, that neither a 15 nor a 25 per ct. mechanical mixture 
of crude petroleum, specific gravity 0.79, applied to peach and 
plum in April, or after the buds commence to swell, produced 
any injury; while the same amounts and grade of crude petro- 
leum applied to apple and pear on same dates, slightly injured 
apple and destroyed nearly all fruit buds on pear. 

Third, that two applications of crude petroleum, specific 
gravity 0.79 in either 15 or 25 per ct. mechanical mixtures, dur- 
ing the same winter are fatal to peach, very injurious to apple 
and slightly injurious to plums (Japanese varieties). Possibly in 
this case, the principal injury to the peach may have resulted 
from the December treatment, and conversely the major portion 
of the injury to the apple trees may have resulted from the April 
treatment. 


™N. J. Agr. Exp. Sta. Bul.*138, p. 20. 
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Results obtained by Felt® show that pears treated with 20 and 
25 per ct. mechanical mixtures of crude petroleum applied in 
April were injured. 

Sanderson? reports no injury to pears sprayed March 21 with 
a 25 per ct. mechanical mixture of crude petroleum. 

From observations made in orchards in the Hudson Valley, 
Slingerland” concludes that there is less danger of injury to 
apple trees, from a 25 per ct. mechanical mixture of crude 
petroleum, if sprayed in April instead of earlier in the winter. 

Webster! reports injury to three-year-old apple trees, by an 
application of pure crude petroleum, sp. gr. 0.83, applied in 
March. His illustrations show that one tree had all leaf and 
fruit buds, reached by the crude petroleum, killed; after which 
the trees developed latent buds. 

Johnson” says: “Apple and pear can be treated with crude 
oil] pure or in a mechanical mixture, any time during winter. 
The same material can be used on plum and peach in a 20 to 25 
per ct. mixture, but the application should not be made before 
March or April.” 

Smith has shown that pure crude petroleum can be applied to 
peach in early spring without injury. It should be explained 
that his results were obtained on small trees that could either 
be painted by hand or sprayed with a small hand atomizer, 
hence do not furnish a fair basis for comparison with orchard 
work in general. 

Many more instances might be added, showing how variable 
the results obtained can be. These have been obtained under 
just as variable conditions as those from the use of kerosene, 
hence are just as difficult to compare. 

In general, all the results obtained through Experiment Sta- 
tion tests, together with those obtained by orchardists, show 
that peach and plum can be quite safely sprayed with 25 per et. 
mechanical mixtures of crude petroleum having a specific grav- 


816th Rept. State Ent. on Injurious and other Insects, 1901. 
912th Ann. Rept. Del. Coll. Agr. Exp. Sta., 1900. 

10Rural New-Yorker, Nov. 3, 1900. 

Ohio Hort. Rept., 1900. 

12Amer. Agrl., Dec. 29, 1900. 

3N. J. Agr. Coll. Exp. Sta. Rept. for 1889 and 196@. 
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ity of 0.79 (4814° to 44° on Baumé oil scale) providing the appli- 
cations are made after the buds commence to swell. While if 
treated when dormant the trees are generally injured and in 
many cases killed outright. 

As a whole, the results of tests on apple and pear are still 
more confusing. Our tests show plainly that pears can not be 
treated after buds have commenced to swell; they also indicate 
that the same is true of apples. The majority of results indicate 
that apple can be treated while perfectly dormant with little 
danger of injury even with 50 per ct. mechanical mixtures of 
crude petroleum.4 


Effect on scale—— The results indicate first, that one applica- 
tion of a 15 per ct. mechanical mixture of crude petroleum, 
specific gravity 0.79, did not kill all the scale insects, even 
though they were situated in exposed places. 


Second, that double applications of the above percentage of 
crude petroleum killed all that were reached as did also all the 
25 per ct. mechanical mixtures whether double or single applica- 
tions.- - 

In addition the results show, that it is a mechanical impossi- 
bility to reach those individual scale insects protected by buds 
or rosettes of buds with crude petroleum, without drenching the 
buds to such an extent as to injure the latter. 


COST OF SPRAYING. 


Smith has stated that the cost of spraying with kerosene or 
with crude petroleum need not exceed one or two cents per tree, 
meaning of course very small trees. 

It cost us seven cents per tree for crude petroleum to spray 
pear trees averaging 12 feet high, and 5 cents per tree for labor, 
making a total of 12 cents per tree. 

The cost of crude petroleum for spraying standard apple trees 
averaging 25 feet high, was 30 cents per tree, estimated cost 
of labor per tree, 10 cents, making a total of 40 cents per tree. 

As set forth by Dr. Smith there is no insecticidal value in the water used. The latter 
aimply acts as a carrier, helps to avoid drenching and at the same time lessens the expense. 


On small trees and shrubbery which can be painted by hand or sprayed with an atomizer, 
water is a detriment. : : 
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From this it will be seen that the subject of cost of spraying 
is just as variable as that of fumigation. That it depends on 
cost of materials, the distance they have to be freighted, the size 
of the trees, ete. 

It has been shown under cost of fumigation that the expense 
of fumigating the largest trees that could be covered by box 
fumigators need not exceed 34 cents. The cost of spraying the 
same size of trees with crude petroleum need not exceed 12 
cents per tree. Which shows that spraying costs about one-third 
as much as fumigation. Spraying has the disadvantage of being 
an uncertain method of treatment, not only uncertain as to effect 
upon the scale insect, but also upon the trees. In fact the mar- 
gin between the amount of oil required to injure the pernicious 
scale and to injure the tree upon which the insect occurs is so 
close that it is a lottery as to what the result will be. Further- 
more, oil spraying at best is disagreeable and an undesirable 
method of controlling the pest. 


Bae POS oCALL INVESTIGATIONS. TV 


V. H. Lowe Anp P. J: Parrott. 


SUMMARY. 


Experiments with the lime-sulphur-salt wash conducted in 
orchards located on Long Island, in the Upper Hudson Valley, 
and in Ontario and Niagara counties gave uniform results indi- 
cating that this wash is a safe and reliable remedy for the San 
José scale in the East. 

Experiments with the wash sprayed upon infested apples in 
the laboratory showed that it kills the insects in two ways: 
First, directly through its soluble compounds and probably very 
soon after coming in contact with them, thus acting as a contact 
poison; and, second, indirectly through its insoluble or~slowly 
soluble compounds which form a crust preventing the develop- 
ment of the young scales. 

Summer treatment with lime-sulphur washes resulted in kill- 
ing the scales without injuring the trees (Japan plum trees) 
with the sulphur in the proportion of one pound to ten pounds of 
lime. 

Experiments in making a lime-sulphur wash by using caustic 
soda or potash, to avoid the necessity of boiling, gave promising 
results. This wash is intended to take the place of the standard 
lime-sulphur-salt wash. Further experiments are necessary to 
determine its value. 

Experiments were made with various other washes including 
resin washes, lime-water and kerosene wash, lime-sulphur-salt 
wash and casein, and potash-sulphur wash, with the result that 
none of the compounds tested gave better results than the lime- 
sulphur-salt wash. 


*A reprint of Bulletin No. 228. 
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I. SPRAYING EXPERIMENTS WITH THE LIME- 
SULPHUR-SALT WASH. 
HISTORY AND PRESENT STATUS OF THE WASH IN THE EAST. 


The origin of the lime-sulphur-salt wash seems to be in doubt. 
A wash containing these ingredients is said to have been used 
in California as a sheep dip long before a use was found for it 
in the orchard. When a need for a safe remedy for scale insects 
was felt on the Pacific Coast it was one of the first washes to be 
tested. It was considered satisfactory and is now said to be the 
principal wash used as a remedy for the San José scale in 
California. 

The wash was first tested in the Kast by Marlatt and Coquillett? 
in 1895 with such unfavorable results that no further attempts 
were made to use it in eastern orchards until Marlatt? again 
tested it at Washington in 1900 with much better success. The 
explanation given is that about three weeks of unusually dry 
weather immediately following the treatment prevented the 
washing off of the compound before the scales had been killed; 
and it-was suggested that if the treatment was followed by twe 
or three weeks of comparatively dry weather it would probably 
prove a satisfactory remedy. More recent results are those ob- 
tained by Smith of New Jersey, Forbes of Illinois and Scott of 
Georgia, all of which are, in the main, favorable to the lime 
sulphur-salt wash, and have resulted in showing that its adhesive 
qualities are better than was at first supposed. 

While the more recent experiments are promising they have 
not yet been sufficiently extensive to determine the real status 
of the wash as a remedy for the scale under eastern conditions. 
There is need, therefore, for further experiment on as large @ 
scale as is consistent with thorough work. 


LOCATION, PLAN AND OBJECTS OF THE EXPERIMENTS. 


The orchards in which these experiments were conducted are 
situated on Long Island near Riverhead, in the upper Hudson 
Valley near Kinderhook, Columbia County, and in western New 





10.8. Dept. Agr. Div. Ent. Bul. 3, N.S., pp. 56-71. 
®H.S, Dept. Agr. Div. Ent. Bul. 30, N.S., pp. 34 -37. 
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York at Geneva and near Youngstown in Niagara County. The 
experiments were distributed well over the State with the hope 
that the treated trees would be subjected to a variety of weather 
conditions which, taken together, would give the wash a severe 
test and also furnish data showing, as far as possible in one 
series of experinrents, the effects of the treatment under different 
weather conditions. The extent to which this plan proved suc- 
cessful is shown on subsequent pages. . 

In making the selections much pains was taken to secure trees 
that were well infested with the scale but not seriously injured 
by other insects or diseases. But as extensive infestation and 
lack of care are very apt to go together it was, as a rule, difficult 
to find badly infested trees that were not weakened by lack of 
proper cultivation as well as by the scale. In order that the 
eonditions under which each experiment was made may be under- 
stood, a brief history of each orchard is given together with a 
description of the condition of the trees at the time of treatment. 


METHOD OF DETERMINING RESULTS. 
As a basis for the determination of results, check trees were 
selected from the orchards in which the experiments were made, 
much pains being taken to include only those which, in point of 
infestation and vigor, would average about the same as the treated 
trees. No attempt was made to count the scales on the trees, 
either before or after treatment, as it was considered practically 
impossible to count enough of them to furnish adequate data upon 
which to base results. This method was found very satisfactory, 
however, for laboratory experiments with infested apples. In all 
of these experiments the results were based upon careful com- 
parisons, made as frequently as circumstances would permit, be- 
tween the treated and check trees, especial pains being taken to 
ascertain the condition of the trees toward the close of the season 
both as to the character of the foliage and fruit and the degree 
of infestation. 
No attempt was made to conduct the experiments upon a com- 
mercial scale for it is considered that in this case, as with any 
insecticide, the point first to be determined is the degree of its 
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efficiency when applied as thoroughly as possible. Otherwise 
but little definite data can be secured. If it is shown to be 
efficient when thoroughly applied, the success or failure attend- 
ing its use on a commercial scale will depend upon the ease 
of application and the quality of the work done. For this 
reason comparatively few trees were used, the total number for 
the early spring treatment amounting to but 710. 


PREPARATION AND APPLICATION OF THE WASH. 


Several preliminary tests were made with different formulae, 
but the one finally decided upon as giving the best results in 
the preliminary tests is as follows: 


STINE SUNS REN oo 2 Steed Pete ae eee 4() pounds. 
SOIPOUr, STOUUU vs > «car seme eee cee 20 pounds. 
altos ce coe haere tip ea ran sae 15 pounds. 
WV ALCE Ors herein mictahe a ait ¢ et na ee 60 gallons. 


The lime was slaked in a large iron kettle to form a creamy 
solution. As soon as the action of the lime had ceased, the 
sulphur and salt, together with about 30 gallons of water, were 
added and the whole boiled for at least two hours. It was then 
diluted to 60 gallons with boiling water or with cold water and 
the whole brought to the boiling point. To prevent clogging 
the machinery the mixture should be strained through a fine 
wire net as it is being poured into the tank. The tendency of 
the sulphur to form lumps in the mixture can be avoided by 
making a thin paste of the sulphur with a little water and 
stirring it in slowly. 

The mixture may be boiled either in large iron kettles over 
a fire, or in barrels with live steam, or in tanks made for the 
purpose. For small orchards the former will answer very well. 
The kettles should hold at least 60 to 80 gallons each and should 
be so arranged as to be conveniently heated over a wood fire, 
as shown in Plate XXXIV, or by means of a stove into which 


®The formula given in Pulletin 212 of this Station, p. 211, gives 30 instead of-40 pounds 
of lime. In either case there is an excess and undoubtedly within quite broad limits the 
quantity makes no important difference in the immediate effects of the wash upon the scale. 
A liberal amount of lime, however, causes the mixture to adhere better and also probably 
delays the weathering away of the soluble ingredients. 
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the kettle is built. It will be found to be an advantage to have 
two kettles in use so that while one is being emptied the other 
kettle full of mixture can be in preparation. 

Where practicable the steam boiling method is to be pre- 
ferred as there are no open fires to be watched and the boiling 
is apt-to be more thorough. If the orchard to be sprayed is 
not too large, enough of the mixture can be boiled in three or 
four barrels to keep. the machines supplied. For large orchards, 
one large, or, preferably, two smaller vats may be built, into 
which the steam is carried from a nearby boiler. For an or- 
chard of 100 acres two vats measuring about 5 feet long, 3 feet 
wide and 30 inches deep will be found large enough to supply 
the mixture needed. Each of these tanks will hold approxi- 
mately 280 gallons. It will be found convenient to have them 
about four feet above the ground with a platform between about 
four feet wide, upon which a man may stand to attend the spray 
while boiling. A faucet for drawing off the mixture into the 
spraying machine should be provided at the end of each vat. 
It will also be found an advantage to have the floor slope slightly 
toward the faucet.* 

The machinery required for applying the lime-sulphur-salt 
wash does not differ from that required for effectual work with 
bordeaux mixture. As for spraying bordeaux mixture, how- 
_ ever, it is of especial importance that the pump give a uniform 
high pressure to insure an effectual spray. In these experiments 
ordinary bordeaux spraying machines were used. Various noz- 
zles were tested with a view to ascertaining the makes best 
adapted to the wash. The list includes the following: Cyclone, 
Cyclone with direct disgorger, Seneca, Bordeaux, Vermorel, 
McGowan, San José, Graduate and Nixon. The Seneca and Ver- 
morel proved to be the most satisfactory. 

The method of spraying the trees was practically the same in 
all of the orchards. To insure thoroughness the trees were care- 
fully sprayed once and as soon as the mixture was dry they were 


4For detailed descriptions of steam boiling plants for supplying the lime-sulphur-salt wash 
for spraying orchards of from 20 to 1,000 acres the reader is referred to Bul. No. 20 of the 
Division of Vegetable Pathology of the U. S. Dept. Agr., by Newton B. Pierce. The plants 
therein described are in use in California. . 


286 Report OF THE DEPARTMBNT OF ENTOMOLOGY OF THE 


closely examined once and usually a second time, the spray be- 
ing applied each time to those parts of the trees that had es- 
caped thorough treatment. 


CHARACTER OF THE LIME-SULPHUR-SALT WASH. 


When thoroughly cooked the lime-sulphur-salt wash is a 
heavy, very caustic, brownish or yellowish-green liquid having 
a sulphurous odor. When allowed to stand, the heavy ingredi- 
ents quickly settle, leaving the clear, orange-red liquid. Long, 
brownish crystals soon form in the precipitate. If carefully 
made and thoroughly strained, it sprays about the same as 
standard bordeaux mixture. 

The following analysis, by Mr. F. D. Fuller of the Station 
staff, of a thoroughly cooked sample indicates the chemical 
nature of the wash: 


“In the examination of the lime, sulphur and salt wash, 
special attention was directed toward a study of the combina- 
tion between the lime and sulphur, as it was thought that no 
chemical reaction took place between the lime and salt, but 
rather that the salt was added to raise the boiling point of the 
mixture and possibly effect a more complete combination be- 
tween the lime and sulphur. 

“In the preparation of this wash, the three ingredients are 
boiled together for some time, which causes the sulphur to enter 
into solution combined with the lime in various proportions. 
The orange-red solution which is formed contains the following 
lime compounds: calcium sulphide (CaS), some of the polysul- 
phides of calcium (CaS, and CaS,), calcium sulphate (CaSQ,), 
a large quantity of calcium thiosulphate (CaS, O,) and some 
calcium sulphite (CaSO,). There is quite an excess of lime 
present which settles out on standing. 

“The insecticidal value of this wash is probably due to the 
various sulphur compounds present as sulphides, sulphites, sul- 
phates and thiosulphates, and it is immaterial whether all the 
sulphur is combined thus with calcium or whether some is 
united to sodium. There is no direct evidence that the salt and 
lime react chemically, and it is safe to conclude that the most 
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important funetion of the salt is to affect the physical charae- 
teristics of the mixture, as noted above. In fact, I am led to 
believe that an equally effectual wash can be prepared by omit- 
ting the salt and prolonged boiling and using an alkali instead. 

“In applying this mixture during a wet season the soluble 
compounds like the sulphides and thiosulphates would be 
washed out and the sulphites and sulphates, being slightly 
soluble in water, would disappear to some extent, leaving lime 
(Ca(OH),), which would gradually absorb carbon dioxide (CO,) 
from the air forming the insoluble calcium carbonate (CaCQ,). 

“Applied during a drought, gradual decomposition would take 
place. The thiosulphates would break up, liberating sulphur (8) 
and the sulphites and sulphides would probably oxidize to the 
sulphates. The lime would eventually change to the carbonate, 
giving the trees a coating of white.” 


1. EARLY SPRING TREATMENT WITH THE LIME-SULPHUR-SALT 
WASH. 

For the experiments in this series the winter wash was used. 
It was made after the formula given on page 284. The treat- 
ment and results in the five orchards included in this series are 
as follows: 


ORCHARD I, LONG ISLAND, PEACHES AND JAPANESE PLUMS. 


This orchard is located about three miles northeast of River- 
head. It consists of 242 trees, of which 152 are peaches and the 
remainder plums. The peaches include nine varieties, as fol- 
lows: Iron Mountain, 29; Wheatland, 27; Crosby, 6; Waterloo, 
17; Alexander, 18; Champion, 12; Early Crawford, 6; Late Craw- 
ford, 18, and Elberta, 11. The plums, 42 in all, are Japanese 
varieties, principally Burbank. 

The peaches have been set about eight years and the plums 
five. The orchard has had fair cultivation until the past two 
years, when it has been neglected and allowed to run down. 
The peaches especially showed poor growth and most of them 
were much weakened by the scale. The plums were in much 
better condition. When the trees first became infested is not 
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definitely known, but at the time the spraying was done nearly 
one-third of the peaches were encrusted on the trunks and larger 
branches, and the remainder to a somewhat less degree. The 
plums were less seriously infested. The orchard, therefore, 
afforded an excellent opportunity to test the wash upon weak 
trees as well as upon the scale. 

Checks.— The checks consisted of eight trees selected as being 
representative of the various degrees of infestation and health 
of the trees throughout the orchard. An adjoining orchard of 
over a hundred trees of the same varieties, which was infested 
to about the same degree also furnished material for comparison. 


Conditions.— The trees were sprayed March 25 to 29. The 
weather was cloudy with a heavy wind most of the time. The 
temperature varied from 32° to 56° with heavy frosts at night. 
As a result of the frosts the trees were wet when the spraying 
began in the morning and did not usually dry until about the 
middle of the forenoon. | 

The trees were sprayed thoroughly once and as soon as the 
wash was dry were carefully examined and the branches that 
were not well coated were sprayed again. This was followed 
by a second examination and treatment after sufficient time 
had elapsed for the second coat to dry. After the spraying was 
finished the trees were trimmed and any branches that were 
not thoroughly sprayed were cut out. The amount of mixture 
used averaged nearly one and one-third gallons per tree. 

The weather conditions during the three weeks immediately 
following the treatment of the trees were as follows: There 
was a light rain March 28 followed by heavy showers and high 
wind the following day, which lasted from about five in the 
morning until nearly noon. Although the weather was usually - 
cloudy there was little rain until April 26. On this date and 
also on April 29 and 30 there were continued heavy rains and 
wind. Taken as a whole, the season has been a fairly wet one 
on the eastern half of Long Island, and hence in this orchard 
the adhesive qualities of the wash have been given about an 
average test. . 


~ 
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Results on peaches.— The trees were carefully watched and fre- 
quent examinations made during the spring and summer. ‘The 
final examinations were made August 2. Early in the season 
there appeared to be evidence of injury. The buds of the treated 
trees were about a week later in opening than those of the un- 
treated trees. When once well started, however, there was no 
further delay and the treated trees were soon as full of blos- 
soms and the foliage as abundant as on the check trees. By 
the time the final examinations were made the treated trees 
were in much better conditions than the checks. There 
was not the slightest evidence of injury. The rapid mul- 
- tiplication of the scales had resulted in added injury to the un- 
treated trees, especially those that were most extensively in- 
fested early in the season, while the checking of the insects by 
the treatment had permitted the sprayed trees to recuperate to 
some extent. 


Results on plums.— Except for very slight injury to the fruit 
buds, the effect upon the plums was practically the same as 
upon the peaches. The buds were delayed in opening about the 
same length of time. Although there was very little fruit upon 
any of the plum trees, it was uniformly somewhat more scarce 
upon the treated trees than upon the untreated trees, thus in- 
dicating slight injury to the fruit buds. 


Liffects on the scale.— The effect upon the scale was evidently 
of a two-fold nature, an immediate and a secondary effect. The 
immediate effect is the death of all or nearly all of the scales 
with which the mixture comes in contact within a few days 
after the application is made. This was shown not only by the 
fact that but very few live scales could be found within a week 
after the treatment was made but also from the fact that later 
examinations showed the scales to have been killed while still 
in the hibernating stage. As the treatment was made only a 
short time before the scales would normally have begun to 
enlarge the effect must have been fairly prompt. 

The secondary effect appears to have been a purely mechani- 
cal one caused by the abundance of residue adhering to the 
trees, which prevented the newly hatched young from finding 

19 
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a suitable place to settle down. Thus on the treated trees a 
few of the adults always escaped but a large percentage of the 
young were evidently unable to survive. This was indicated by 
the fact that during the summer live scales were found in pro- 
tected places and although they produced young but little evi- 
dence could be found that the young had survived. The final 
examination showed only an occasional live scale and these were 
invariably upon the new growth, showing that the young that 
survived were those that had succeeded in reaching the new 
growth. 

Comparing the treated with the untreated trees, the scales on 
the latter had multiplied rapidly during the summer, causing 
these trees to look sickly and in some instances nearly resulting 
in their death. The treated trees had recuperated somewhat 
from the previous injurious effects of the scale and had made a 
very good growth. The foliage also was fairly abundant and 
the crop of salable fruit in excess of that on the untreated 
trees. 


Effect of the weather wpon the wash.—As shown on page 398 
there was but one heavy rain during the first four weeks after 
the trees were sprayed, and that was immediately after the work 
was completed. It evidently had but little effect. There was 
also no evidence of the washing off of the mixture until during 
May, when it began to disappear slowly as a result of frequent 
rains. A dirty gray residue remained upon the peach trees 
throughout the season. It showed very plainly August 2. The 
smooth bark of the plums, however, did not retain a residue 
as readily and nearly all the trees had been washed clean by the 
time the final examination was made, although they remained 
white for nearly three months after being sprayed. The only 
evidence that the wash had been applied was on the trunks and 
in protected places on the larger limbs where a thin coating was 
still adhering. 


ORCiTARD Il, COLUMBIA COUNTY, PLUMS AND PEACHES. 
This orchard consists of a small block of trees situated about 
two miles southeast of Kinderhook. Forty-seven trees were 
selected for treatment, including 36 plums and 11 peaches. The 
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plums consisted of the following varieties and were infested as 
follows: 26 Burbank, 4 encrusted and the remainder moderately 
infested ; 6 Abundance, slightly infested; 1 each of Satsuma and 
Hale, slightly infested; 2 Red June, slightly infested. The 
peaches included two varieties as follows: 6 Stevens Rareripe, 3 
encrusted on about one-third of the tree and the remainder very 
slightly or not at all infested; 5 Chair Choice, 2 encrusted on 
about one-third of the tree and the remainder slightly infested. 

The trees were not all of the same age, parts of the orchard 
having been recently replanted, but those treated varied from 
eight to twelve years of age. They. have been under careful 
cultivation from the first and except for the scale are in good 
condition. | 


Checks.— Check trees of about the same condition and degrees 
of infestation were chosen from a nearby orchard. The total 
number of checks amounted to about one-fourth the number 
treated. 


Conditions.— The trees were sprayed March 31 and April 1. 
The buds were well swollen, but none of them had burst. The 
work of spraying was not begun until late in the afternoon of 
the first day and at about the time that a cold, drizzling rain 
began. Before the afternoon was over the rain was followed 
by snow and a drop in the temperature that caused ice to form 
on the trees. Before night the wet snow was clinging to the 
branches in many places to a depth of half an inch. One row 
was sprayed while the rain was falling and another after the 
snow and ice had formed on the branches. In some places the 
spray melted the snow and thereby added moisture to the 
branches until they were dripping wet. Where the ice had 
formed a thick coating, however, the mixture did not dissolve 
it but stained it a green color and finally reduced it to a green- 
ish, granular mass. To all appearances, if the mixture was not 
soon washed off by the melting snow and ice it would be frozen 
in the snow and ice and at the first thaw would be carried off. 
This did not prove to be the case, however, for by ten o’clock 
the following morning the snow and ice had melted and before 
noon the mixture was sufficiently conspicuous to give the trees 
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the appearance of having been well whitewashed. About noon 
of the second day the weather turned colder and remained so 
for several days. During the two days that the trees were being 
sprayed the temperature varied from 30° to 40°. The weather 
was, as a rule, cloudy, with light wind the first day and heavy 
wind the second. 

The spray was applied in this orchard as described for Orchard 
I, each tree being thoroughly sprayed once and carefully re- 
touched twice. The trees were not trimmed, however, after the 
spray had been applied. Owing to a leaky pump and poor noz- 
zles the amount of mixture averaged nearly three gallons per 
tree in this orchard. McGowan nozzles were used. The mixture 
was made in a large iron kettle holding about 60 gallons, which 
was heated by an open fire. 

During the thirty days immediately following the treatment 
the weather was usually cloudy, there being but seven days of 
fair weather. From April 3 to May 4 there was rain or snow on 
nine days, as follows: April 3, snow squalls; 6, light rain at 
night; 8, light rain afternoon and night with high wind followed 
by heavy rain and wind, lasting most of the following day; 10, 
light rain most of the day; 11 and 12, light showers; 26, heavy 
showers in the morning followed by light rains the remainder 
of the day; 29, moderately heavy rain at night followed by 
heavy showers the following night; May 8, light rain followed 
by heavy showers the following day. 

Results on plums.— The same general effect was noticed here as 
on Long Island. On the average the buds were about a week 
late in opening, but otherwise there was no apparent effect on 
the trees. Especial pains was taken to discover any injury to 
the fruit buds, but there was no evidence that they were injured 
in the slightest. The trees bore fully as much fruit and in some 
cases more than the uninfested trees. 

Results on peaches.— The effect on the peaches was practically 
the same as on the plums. 

Effect on the scale.—-The comparatively few trees in this 
orchard that were encrusted with the scale did not give as good 
opportunity for observing the effects on the scale as in some of 
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the other orchards. The trees were carefully examined during 
the season, however, but only on two trees were live scales 
found, and these were very few in number. A1Il the other trees 
seemed to be free from the insects, although this could not be 
determined positively in one season. The fruit showed no evi- 
dence of the scale. 

Effect of the weather upon the wash.— It will be observed that, 
owing to the severe rains during the thirty days immediately 
following the spraying of this orchard, the wash was subjected 
to a severe test, but that in spite of this fact the killing effects 
were apparently not diminished. In this orchard the mixture 
was washed off from the plums somewhat more readily than 
from the peaches, but all of the trees remained white for more 
than two months. On July 30 when the final examination was 
made there was sufficient residue adhering to the bark of all 
of the trees to give them a dull gray appearance, especially upon 
the trunks and larger limbs. 


ORCHARD III, COLUMBIA COUNTY, PEARS. 


This orchard is situated in the village of Kinderhook. It con- 
sists of 82 pear trees, 35 of which were encrusted with the scale 
and much weakend by it. The remainder were badly infested 
but not encrusted. The varieties include Bartlett, Keiffer and 
Burre Bose. The Bartlett and Burre Bosc had the most scale, 
the Keiffers being only slightly infested. The trees have been 
planted about eight years, but owing to neglect have made a 
very poor growth, and many of them were much weakened by 
the scale. During the past two years, however, the orchard has 
received more attention, with the result that, except for the 
scale, the trees were beginning to show signs of improvement. 
A short time before the spray was applied the trees were well 
trimmed. | 
_ Checks.— The checks consisted of about a dozen each of plum, 
pear and apple trees in the immediate vicinity. They varied in 
degree of infestation from very slightly to about the same degree 
as the most extensively infested in the experimental orchard. 

Conditions.—— The trees were sprayed April 1 and 2. The buds 
were well swollen, but none of them had burst. During both 
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days the weather was cloudy with a high wind and occasional 
flurries of snow. The temperature varied from 31° to 36°. The 
mixture was boiled in barrels with live steam. McGowan and 
Seneca nozzles were used. As in the other orchards the trees 
were sprayed very thoroughly once and retouched twice. None 
of them were trimmed after the spraying was done. Owing to 
the very heavy winds much of the material was wasted, making 
the amount used per tree average nearly 214 gallons. 

The weather conditions during the thirty days immediately 
following the treatment were the same as given for Orchard II. 


Effect on the trees.— In general the results in this orchard were 
the same as in the preceding. There was no apparent effect 
upon the trees except to delay the opening of the buds from 
three to six or seven days. The final examination made July 30 
showed that the trees had made a better growth than for a 
number of years. There was no evidence of injury to bark, 
leaves or fruit. Where the wash had been the bark was usually 
clean and smooth. The foliage was better colored and more 
abundant, especially on the trees that had been most seriously 
infested, than for a number of years. It was much better than 
that of the infested checks. The fruit, especially, showed the 
effect of the treatment. It was as a rule clean, only an 
occasional one showing the marks of the scale. The crop of 
marketable fruit was largely in excess of any previous year in 
the history of the orchard. 


Effect on the scale-—— The frequent examinations made in this 
orchard during the summer showed the same general effect as 
previously reported. There were enough encrusted trees to give 
abundant data on the effects of the treatment on the scale. In 
this orchard as on Long Island it was apparent that the wash 
had had a secondary effect upon the young larve. Very few 
live scales could be found, but all that were found were upon 
the new growth. Only three fruits in the entire orchard were 
found with scales upon them. The fruit of some of the trees 
had been in previous years so badly infested as to be unsalable. 


liffect of the weather upon the wash.— In this orchard the 
wash seemed to weather off somewhat more rapidly than in 
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either of the others. The trees remained white, however, for 
nearly two months, but when the last examination was made, 
July 30, it had weathered off in the most exposed places on the 
trunks and branches, especially on the sides toward the pre- 
vailing winds. 


ORCHARD IV, PEARS. 


This orchard is located within a short distance of Orchard 
III. It was planted at about the same time and consists of 22 
Bartlett pear trees. Unlike the other orchard, it has been well 
cared for and most of the trees were vigorous. Only one was 
badly infested with the scale, the remainder were mildly 
infested. 

The check trees, date of application, weather conditions and 
nozzles used were the same for this orchard as for Orchard III. 

The only difference in the treatment of this orchard and those 
previously referred to was in the amount of the wash applied. 
The trees were sprayed very thoroughly once but were not re- 
touched, the object being to determine whether one application, 
without retouching, could be made sufficiently thorough to be 
practicable, or whether it would be necessary in all cases to go 
over the trees a second time. 

The results were better than had been anticipated. Although 
un occasional live scale was found, they were so few in number 
and the trees were uniformly in so much better condition than 
the check trees that the efficiency of the treatment was at once 
apparent. The treatment was evidently nearly if not quite as 
effectual as in the other orchards. 


ORCHARD V, ONTARIO COUNTY, APPLES. 


This orchard is located at Geneva. It was planted about 25 
years ago and consists of 31 Baldwin apple trees of very large 
size. Little is known as to when the trees became infested, but 
when the experiments were made the scale was well distributed 
over each tree, the branches in each case being encrusted in 
places. During recent years the orchard has produced but little 
fruit, 80 bushels being the largest amount for one season, and 
most of this was rendered worthless because of being badly in- 
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fested and disfigured by the scale. The amount of infestation 
and size of trees especially fitted this orchard as a place to 
test the practicability of treating large trees for the scale. 

Checks.— The checks consisted of four apple trees of the same 
age and variety located in an adjoining lot.. Two were infested 
to about the same extent as the treated trees and the other two 
to a somewhat less degree. 


Conditions.— The trees were sprayed April 23-26. The weather 
was cloudy and very windy during nearly the entire time. On 
the 24th a heavy gale was blowing during the entire day, result- 
ing in much waste of material. During the evening of the 25th 
there was a heavy thunder shower of short duration and a light 
rain the following day. For all of the work in this orchard a 
barrel pump having two leads of hose was used and Seneca 
nozzles. 

The buds were farther advanced on these trees than in any 
orchard previously treated. In many cases the buds had already 
burst and in some cases the leaves were well out, while in others 
only the tips of the young leaves were beginning to appear. 

The method of treatment was the same as previously described, 
the trees being thoroughly sprayed once and retouched twice. 
Especial pains was taken to make the treatment thorough. Some 
of the worst infested branches were marked for final examina- 
tion. When the spraying was completed the trees had the ap- 
pearance of being whitewashed from the ground to the highest 
branches. Some idea of the thoroughness of the work is given 
in Plate XXXV, which is a view of a portion of the orchard 
soon after the spraying was finished. In Plate XXXVI a por- 
tion of one of the trees is shown. The picture was taken the 
same day that the tree was sprayed. 

The weather during the thirty days immediately following the 
treatment was usually cloudy with several days of rain as fol- 
jows: April 27 and 29, light rain; May 2, 4 and 5, light rain 
followed by a heavy rain on the 7th, lasting nearly all day; May 
8 and 12, light rain followed by heavy showers on the 18th; light 
rains on the 19th, 20th and 22d, with heavy showers on the 23d 
and 24th; and a heavy rain on the 25th, lasting all the afternoon 
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and most of the night, followed by moderately heavy showers 
the following day. 


Effects on the trees.— It was at once apparent that many of the 
young leaves had been injured. Those that were most 
exposed were burned to a crisp, as were also the tips of the 
young leaves that were just appearing beyond the bud. The 
injury to the latter was of no practical importance as the injury 
did not extend into the buds. The only visible effect of the treat- 
ment upon the foliage was to delay its appearing about a week. 
When it was well started, however, it seemed to grow rapidly 
and in a short time was as abundant and vigorous as in any of 
the neighboring orchards. In fact the owner of the orchard 
stated that the foliage was more abundant and of better color 
than for some years past. Some idea of the condition of the 
foliage is given by Plate XXX VII, which is from a photograph 
of the orchard taken in June. It was also noticeable that the 
trees blossomed unusually full, a fact, of course, not necessarily 
due to the treatment, but important in showing that the wash 
did not injure the fruit buds. 

The most significant fact in connection with the effect of the 
treatment upon the trees and especially upon the fruit buds was 
the amount and quality of fruit produced. The largest yield from 
this orchard during the past five years was 80 bushels, and dur- 
ing the past three or four years the fruit had been so badly in: 
fested with scale as to make it either unmarketable or of but 
little value. This year the yield was 275 bushels of clean mar- 
ketable fruit. Except for slight injury by the codlin moth the 
fruit was uniformly of high quality, only an occasional apple 
being found that showed the marks of the scale, while in every 

case the fr uit of the check trees was so badly infested with the 
scale as to be considered of too little value to harvest. Of 
special interest in this connection also is the fact that although 
the trees received no treatment except with the lime-sulphur- 
salt wash, the fruit from the treated trees was practically free 
from scab, while that of the checks was badly infested. The 
yield of the check trees also averaged much below that of the 
treated trees. , 
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Effect on the scale.— The effect upon the scale has already been 
indicated. If the treatment had not resulted in killing nearly 
all the scales the fruit would have shown more of it. Careful 
examinations of the trees, however, failed to reveal more than 
a very few living scales and on most of the trees no live scales 
were found. An especial effort was made to test the wash in 
this orchard and to this end a number of the worst infested 
twigs were marked, with the result that no live scale was found 
on any of them. The prompt action of the wash was also indi- 
cated by the fact that the scales had apparently not grown since 
the treatment was made, but were killed while still in the 
hibernating stage. 

Effect of the weather upon the wash.— This orchard afforded an 
excellent opportunity to observe the effect of the weather upon 
the wash as it is easily accessible from the Station. During the 
first few months there was practically no change in the appear- 
ance of the treated trees. During July the residue was noticed 
to be flaking off somewhat, especially on the smaller branches. 
With the exception of some of the small twigs and branches the 
trees remained well coated throughout the summer as indicated 
by Plate XXXVIII, which is from a photograph taken Novem- 
ber 8. The trunk and limbs were of a whitish color from the 
presence of the residue of the wash still remaining. AJIl of the 
trees in the orchard were as well covered with the white coat- 
ing as this one at the time the picture was taken. The condi- 
tion of the branches is indicated by Plate XX XIX, which shows 
the under surfaces of two branches cut and photographed No- 
vember 8. These branches were cut almost at random and it 
is believed that they are typical of the branches of all the trees. 
As these pictures indicate, the trees throughout the orchard 
remained white during the entire summer in spite of the fre- 
quent and. often heavy rains characteristic of the season.. 


MISCELLANEOUS APPLE TREES. 


This lot consists of 15 trees in the Station apple orchard 
which were very slightly infested with the scale. They repre- 
sent nearly fifteen different varieties. Most of them are young 
trees that have recently come into bearing. All were in ex¢el- 
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lent condition and while there was not enough scale to furnish 
much data as to the effect of the wash upon the insect, their 
location was such as to make them very convenient for obser- 
vation of the effects of the wash upon the trees and also its 
enduring qualities. 

These trees were treated at about the same time as Orchard 
V, and under practically the same conditions. The results in 
general were also the same. There was no evidence of injury 
to the trees except that the young leaves which had burst from 
the buds were burned. The foliage was slow in appearing, but 
was finally as abundant as in other seasons. No trace of live 
scales were found on these trees after being sprayed. 


ORCHARD VI, NIAGARA COUNTY, PEARS AND PHACHES, 


This orchard is located on the lake road about three miles 
north of Lewiston. It consists of 212 trees of which 119 are 
pears and the remainder peaches. The pears have been planted 
about eight years and consist principally of Bartletts and a few 
Keiffers. The peaches have been planted four years and are 
about evenly divided between Smock and Yellow St. John. 
Thirty pears and 26 peaches were reserved for late spring treat- 
ment, leaving 89 pears and 68 peaches for these experiments. 
The orchard has been under excellent cultivation and except for 
the injury by the scale the trees were in good condition. 

The pears were much more seriously infested than the 
peaches, 48 being encrusted from the lower part of the trunks to 
the smaller branches, while of the remainder, 29 were encrusted 
on some of the branches and the remaining 42 were slightly in- 
fested. The peaches were not as badly infested as the pears, 
only 22 being encrusted on any part of the tree, while the re- 
mainder were only slightly infested. Taken as a whole, how- 
ever, the orchard furnished most excellent material for testing 
the efficiency of the wash as a remedy in badly infested orchards. 

Checks.— The checks consisted of five pear trees selected from 
the orchard and representing as nearly as possible the condition 
of the pear trees throughout the orchard, and six peach trees 
in an adjoining block also representative of the conditions in 
the peach orchard. 
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Conditions.— The spraying was begun in this orchard April 7, 
but owing to bad weather it was not completed until April 16. 
The buds were well advanced and in many cases the young 
jJeaves were beginning to appear. During every day that the 
trees were being treated the work was delayed by rain. On 
the afternoon of April 8 rain began and continued in frequent 
showers until the morning of April 10. On this date the weather 
was very windy and threatening. The following morning was 
bright but in the afternoon a very heavy thunder storm pre- 
vented further work. The rain continued during the night and 
intermittently during Saturday morning. Heavy showers con- 
tinued at frequent intervals until April 18. The heavy rains 
which came before the mixture was dry washed so much of it 
olf as to make it necessary to go over the trees again. 

The method of applying the wash was the same in this orchard 
as in the others. The trees were retouched twice and when the 
work was completed they had the appearance of being white- 
washed. <A barrel pump with two leads of hose and Vermorel 
nozzles were used in this orchard. The amount used, including 
the material washed off by the rains, averaged two and one- 
half gallons per tree. 

The exact number of rainy days during the thirty days follow- 
ing the treatment was not ascertained. During April and May, 
however, there were frequent heavy showers accompanied by 
high winds. From April 15 to 30 there were frequent rains with 
especially heavy showers on the 28th, lasting most of the after- 
noon and evening, and several days of severe winds. 

Effect on the trces.—As was the case with the apple trees, the 
opening leaf buds of both pear and peach trees were burned by 
the spray. The immediate effect of the treatment was also to 
delay the further development of the buds for about a week, 
thus giving the impression that the trees were injured. Later 
examinations showed that this was not the case. The foliage 
on the treated trees was uniformly much more abundant and 
of better color than that of the check trees or that of nearby 
orchards infested with the scale. There was not the slightest 
evidence of injury to the foliage or fruit buds. The amount of 
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marketable fruit produced by the treated pear trees was much 
in excess of previous years. On all of the treated pear trees 
there was a fair crop, while that of the check trees was so badly 
infested as to be unsalable. Some idea of the difference between 
the fruit of the treated and untreated trees may be obtained 
by referring to Plate XL. The trees from which the fruit was 
taken were carefully selected as being infested to about the 
same degree at the time the treatment was made. They were 
two of the worst infested trees in the orchard. The infested 
pears shown in the upper row were selected as representing the 
condition of the fruit on that tree. With the exception of the 
smallest pear these fruits averaged among the best on the tree. 
Those in the lower row were from the treated tree and correctly 
represent the average of the fruit on this tree, of which there 
was a fair crop. Throughout the orchard the fruit of the treated 
trees showed but little evidence of the scale. Only an occasional 
one could be found that was marked and these were disfigured 
to only a very slight degree. 

Most of the peach trees were too young to produce much fruit, 
and hence there was little opportunity to test the effect of the 
wash upon the fruit buds. None of the peaches, however, 
showed any effect of the scale. 


Effect on the scale.— The effect on the scale has already been 
indicated. The results here were the same as in the other or- 
chards. The scales were promptly killed by the treatment and 
the young of those that escaped were evidently unable to find a 
place to settle down except on the new growth where an occa- 
sional live scale was found. The only trees upon which more 
than an occasional live scale could be found was on the western 
edge of the orchard which bordered on an orchard of very badly 
infested peach trees. The trees on the outside rows of the two 
orchards were so close together as to touch their branches. As 
a result the pear trees nearest to the infested peach trees were 
evidently infested from these trees, as young scales were found 
on them toward the middle of summer, and always in most 
abundance on the west side of the trees toward the peaches. A 
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few rows from these trees there was practically no scale, al- 
though the trees had been badly infested. 


Effect of the weather upon the wash.— For about two months 
the trees remained nearly if not quite as white as when first 
sprayed. As late as June 21 Mr. F. G. Whitney, the owner of 
the orchard, who had carefully watched it, wrote that the 
sprayed trees did not seem to be affected by the rain. The only 
effects of the weather, so far as the general appearance of the 
trees was concerned, was the cracking and flaking off of the 
white coating on some of the branches, apparently the result of 
whipping in the wind. When the trees were finally examined 
in August the mixture was washed nearly off from the most 
exposed areas, giving the trees a dirty gray appearance. On 
most of the smaller branches it had disappeared altogether. In 
this orchard it was again demonstrated that while the wash 
adheres long enough to prove an effectual check to the scale in 
spite of heavy rains, it does not remain as long on pear and 
peach trees as upon apple, due apparently to the difference in 
the bark. 


SUMMARY OF EXPERIMENTS IN SERIES I. 


These experiments were conducted in six orchards located in 
different parts of the State as follows: On Long Island near 
Riverhead, in the upper Hudson Valley near Kinderhook, Co- 
lumbia County, in western New York in Ontario County and near 
the extreme western part of the State in Niagara County. Seven 
hundred and ten trees were treated, of which 251 were peaches, 
including 11 varieties; 129 plums, Japan varieties; 284 pears, 
including about six varieties; and 46 large Baldwin apple trees. 
The work of spraying was begun on Long Island the last week 
in March and the last trees were sprayed in western New York 
about the middle of April. While the trees were being sprayed 
in two of the western New York orchards there were heavy 
rains before the work was finished. In all the localities the 
rainfall was heavy during the first thirty days after the treat- 
ment. With the exception of the one orchard at Kinderhook, 
which was not retouched, the trees were thoroughly sprayed 
once and retouched twice. 
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The effect upon the trees and scales was practically uniform. 
There was no evidence of injury in any of the orchards except 
on Long Island where the fruit buds of the Japanese plums were 
very slightly injured, due in all probability to the late date of 
treatment. In all cases the foliage was delayed for about a week 
but was uniformly as good or better than that of the check trees. 
All of the treated trees, with the exception above noted, bore 
a fairly good crop of fruit which was practically free from scale, 
only an occasional fruit being found that showed any evidence 
of the insect, while the fruit of the untreated trees was, as a rule, 
badly disfigured and unmarketable. 

The effect upon the scale was none the less pronounced. ‘The 
check trees in all the orchards showed an abundance of living 
scales on both the old and new growth, while on the treated 
trees only an occasional living scale was found. In every case, 
also, the immediate and secondary effects of the wash were ap- 
parent, the former being due to the soluble ingredients, as shown 
by the experiments with the infested apples, and the latter by 
the slowly soluble or insoluble compounds. 

The wash adhered to the trees much better than was antici- 
pated. All of them remained white for at least two months and 
several showed the white color plainly throughout the season. 
As would be expected, the comparatively rough bark of the apple 
trees held the wash much longer than the smoother barks of the 
other kinds. ; 

Taken together the results are remarkably uniform and all 
point to the same conclusion, namely, that the lime, sulphur and 
salt wash is a safe and efficient remedy for the San José scale. 
But, although the fact that the experiments were conducted in 
different sections of the State and under somewhat different con- 
ditions, may make the results of more weight than if they had 
been confined to one or two orchards, it should be borne in 
mind that they represent but one season’s experience and hence 
cannot be considered final but only indicative of the value of the 
insecticide. 
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LABORATORY EXPERIMENTS TO DETERMINE THE NATURE OF 
THE ACTION OF THE LIME-SULPHUR-SALT WASH UPON THE 
SAN JOSE SCALE. 

The following experiments, although planned in part at 
Geneva, were largely conceived by Mr. Parrott and were finally 
carried out by him at the Ohio Agricultural Experiment Station. 

Insecticides, broadly speaking, may be divided into two 
classes; first, the poisons or arsenical compounds which act 
only through the stomach, and, second, the contact remedies 
which when applied destroy by suffocation, through the pene- 
tration and sealing up of the insect’s breathing organs. The 
lime, sulphur and salt wash belongs to this latter class, and is 
efficient in the destruction of softbodied and inactive insects; 
in that it contains coroding ingredients designated by the chem- 
ists as principally compounds of lime and sulphur and sodium 
and sulphur, and a large quantity of solid matter which when 
first applied is also caustic and when dried forms a very com- 
pact and adhesive coat, impenetrable by most of the scales. 
Which of the two ingredients is the more important and in what 
way it effects the destruction of the scales, is not known defi- 
nitely. One authority* has offered an opinion that the wash 
is an indirect insecticide; in that it operates more effectually 
against the progeny than the parent insect “through some in- 
gredient or ingredients that remained active, or became active, 
on the trees long after the application.” In other words, pro- 
viding there has been no extensive or rapid, leaching by heavy 
rains immediately following, the wash, after application, has 
within it compounds which become soluble in light rains and 
dews, forming insecticides, which occasionally, if not daily for 
a reasonable time, not only immerse specimens already treated, 
but bathe, and perhaps destroy, the active ‘larve and those 
which have settled, but have not had time to form their pro-- 
tective covering. That the calcium sulphidé will directly kill — 
the’ adult féniales and voun® has been proven conclusively; but 
of the insecticidal properties of the precipitate alone, or of the 
liquids upon the tree resulting from dews and rains, little is 








*Lounsbury. The Agricultural Journal, 20: 771. (June 19, 1902). 
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definitely known. To ascertain the effect of these last factors 
liberal coats of the wash were applied to vertical glass plates 
18x1434 inches in size, which when dried were atomized with 
water, the product being caught and applied to infested apples 
under the conditions as outlined in the various experiments ap- 
pended below. The chemical and mechanical processes, if any, 
taking place, were thought to approximate the phenomena upon 
«a treated tree under ordinary conditions. This method was 
adopted because of the ease of obtaining the liquid and pre- 
cipitates, and of isolating a known number of scales and their 
progeny to prevent colonization of young from other scales. 


~ 


EXPERIMENT NO. I. 

The principal object of this experiment was to determine 
whether the soluble ingredients and the precipitates obtained 
by spraying dry lime-sulphur-salt wash with water, possess in- 
secticidal properties and, if so, how long these properties are 
retained. In Series I of this experiment the glass plate, upon 
which the lime-sulphur-salt wash has been sprayed until a heavy 
coating was formed, was allowed to dry under ordinary condi- 
tions in the laboratory for one hour. In Series II the time al- 
lowed for drying was extended for each successive apple tested. 
as shown in the table, thus furnishing evidence as to the num- 
ber of washings, or rains, required to exhaust the wash of its 
insecticidal value. 

After drying, the plate used in Series I was thoroughly 
washed with water from an atomizer. The water was applied 
at the rate of one ounce of water for each ounce of wash ap- 
plied to the plate. The water was so applied as to drench all 
parts of the plate and was drained off into a small receptacle. 
This method was followed in all cases. The solution was then 
applied to the infested apples at the rate of 17 drachms to each 
apple, which was greatly in excess of the amount that would 
adhere to the apple. The character of the wash is best shown 
by its appearance after it had dried on the apples as described 
in the tables. 

The following tables summarize the treatment with the 
soluble products of the wash secured by submitting .the dried 
lime-sulphur-salt wash to one thorough drenching with water. 

20 
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DETAILED RESULTS, 


At the time of final examination, September 26, the apples 
considered in Table I, Nos. 1 to 7, showed the following effects 
from the treatment under Series I: 

Apple No. 1.— Twenty-five living males, 22 living adult females, 
61 living young. The remaining 6 scales were dead. 

Apple No. 2.— One adult female alive with 15 dead larve be- 
neath her scale. Eight well-developed embryos were also found 
in this female. The remaining three adult females were dead 
and their bodies were much shrunken, with no evidence of 
young. They were evidently killed upon the application of the 
wash. All of the young scales were killed. 

Apple No. 3.— One female was found alive with 3 living and 46 
dead young under her scale. Seventeen well developed embryos 
were found in this female. The remaining scales were dead. 

Apple No. 4.— Twenty-four larve dead upon the coating or 
crust formed by the treatment; one female alive with 1 living 
and 26 dead larve beneath her scale; one female alive with 5 
living and 9 dead larve beneath her scale; two females alive 
that had not produced young. There were also 214 living 
young scales on portions of the fruit lightly covered with the 
wash. They were under the thin deposit. 

Apple No. 5.—One female alive with 35 living and 7 dead 
young beneath her scale; one female dead with 47 dead young 
beneath or near her scale; one female dead with 5 dead young 
beneath her scale; one female dead with 19 dead young beneath 
or near her scale; one female dead with 14 dead young; two 
females dead that had produced no young; two living females, 
one of which had two living larve. All of the 70 young scales 
were killed. 

Apple No. 6.— One female alive with 20 dead and 8 living 
young; one female alive with 41 dead and 7 living young; one 
female alive with 5 dead and 6 living young; thirteen larve 
were found dead on the surface of the apple and 53 young scales 
that had succeeded in settling down were alive. The remaining 
scales were dead. 

Apple No. 7.— One adult female, containing 30 well-developed 
embryos, alive; 12 living males; 36 living and 6 dead young 
scales; 11 living females showing first molt. 
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DETAILED RESULTS. 


At the time of final examination of the apples considered in 
Table II, which received the various treatments included in the 
second series, they were in the condition noted below: 

Apple No. 39.— Five adult females alive without young; 5 dead 
without young; 18 adult females dead with 5 to 32 dead young; 
9 nearly mature females alive; 916 in black, or hibernating 
stage, dead; remainder dead. 

Apple No. 40.— Four adult females alive without young; 12 
adult females alive with 2-16 living young; 14 adult females 
dead with no young; 2 adult females dead with 8 to 10 dead 
young; 1 adult female alive with 25 well-developed embryos 
but no young; 1 adult female alive with 3 dead young; 1 adult 
female alive with 27 dead and 4 living young; 3 females of 2d 
molt stage dead; 1 female of 2d molt stage alive; 360 with scale 
in black stage alive; 24 young, with scale in white stage, dead, 
and 96 alive; remainder alive. 

Apple No. 41.— Twelve adult females alive without young; 1 
adult female alive with 15 young; 19 adult females dead with 
no young; 1 adult female alive with 47 well-developed embryos 
but no young; 3 adult females alive with from 5 to 14 dead and 
2 to 5 living young; 12 nearly full-grown females alive; 50 male 
_ propupe alive and 13 dead; 312 with scale in black stage alive; 
remainder dead. 

Apple No. 42.—- Thirteen adult females alive without young; 2 
adult females dead without young; 4 adult females dead with 
3 to 382 dead young; 16 adult females with anal segments raised 
above deposit on apple; 1 female alive with 7 dead young; 12 
nearly mature females alive; 315 with scales in black stage 
alive; remainder dead. 

Apple No. 43.— Sixteen adult females alive without young; 6 
adult females dead without young; 4 adult females dead with 
3 to 13 dead young; 2. adult females alive with 2 to-4 dead 
young; 115 nearly mature females alive; 403 with scales in black 
stage alive. 

Apple No. 44.— One female alive without young; 21 adult 
females dead with no-young; 1 adult female alive with 4 well- 
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advanced embryos; 583 with scales in black stage alive; re- 
mainder dead. 

Apple No. 45.— Thirteen adult females dead without young; 
19 adult females alive without young; 514 with scales in black 
stage alive; remainder dead. 

Apple No. 46.— Three adult females alive without young; 12 
adult females dead without young; 2 adult females alive with 9 
living young; 1 adult female dead with 3 dead young, and 37 
living young with scale in white stage; 443 with scales in black 
stage alive; remainder dead. 

Apple No. 47.— One adult female alive with 5 living young; 
4 adult females dead with 6 to 18 dead young; 5 adult females 
with anal segments raised above deposit on apple; 5 adult fe- 
males alive with 0 to 7 dead young; 2 nearly mature scales 
dead; 119 with scales in black stage alive; 7 nearly mature 
scales alive; remainder dead. 

Apple No. 48.— Three adult females alive with 0 to 19 living 
young; 6 adult females dead without young; 5 adult females 
alive with 0-1 dead young; 1 adult female alive with 7 dead and 
4 living young; 1 adult female alive with 7 dead young; 3 im- 
mature females alive; 126 with scales in black stage alive; 4 
young scales turned a reddish color by spray alive; 40 young 
scales turned-a reddish color by spray, dead; 2 propupe dead; 
remainder dead. 

Apple No. 49. Fifteen adult females dead with 0 to 25 dead 
young; 1 adult female alive with 22 well-advanced embryos; 26 
females in 2d molt stage alive; 33 with scales in black stage 
alive; remainder dead. 

Apple No. 50.—- One adult female dead with 5 dead young; 27 
adult females dead; 209 with scales in black stage alive; re- 
mainder dead. 

Apple No. 51.—- Fifteen females alive without young; 5 females 
dead with 2 dead young; 1 female alive with 3 living young; 
325 with scales in black stage alive; remainder dead. 

Apple No. 52.— Nine adult females alive with no young; 1 adult 
female alive with 3 young; 1 adult female dead with 5 dead 
young; 246 with scalés in black stage alive; remainder dead. 
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Apple No. 53.—- Nineteen adult females alive with no young; 
4 adult females alive with 2 to’7 living young; 3 adult females 
dead with no young; 7 young scales just settling down alive; 
316 with scales in black stage alive; 27 young scales turned 
reddish by wash, of which 18 are alive; remainder dead. 

Apple No. 54.— Ten adult females alive with 1-8 living young; 
1 adult female dead; 12 with scales in white stage alive; 202 
with scales in*black stage alive; remainder dead. 


CONCLUSIONS. 


The above tables show that a large percentage of the insects 
were killed immediately by the spray obtained by atomizing 
with water a coat of lime, sulphur and salt, one hour after its 
application. The results at final examination clearly indicate 
that many adult females were destroyed either before or in 
early maternity and were entirely prevented or instantly 
checked in the production of offspring, and that many larvee 
and immature scales died immediately after treatment as a 
result of the soluble ingredients present in the spray. Equally 
apparent is the destructive effects of the insoluble ingredients 
or precipitates. It is not always possible in each case to dis- 
tinguish the effects of the soluble from the insoluble ingredients, 
especially in the destruction of living larve beneath the mother 
scale. But it does strongly appear that the precipitates are 
efficient insecticides in that they act mechanically by confining 
the larve to the mother scale (apple No. 42), and presenting a 
surface impenetrable to the larval mouth parts (apples 4 and 
6). The precipitates, unless very abundant, do not appear to 
destroy mature female scales, and when present in small quan- 
tities will not prevent immature forms from developing to 
maturity. 

Sprays secured from the wash seventy-two hours after appli 
cation to a plate (apple 52) possessed soluble insecticides which 
were destructive to immature forms, while later sprays were 
much less efficient. The experiments in this series do not fur- 
nish evidence of the maximum time the soluble ingredients are 
present as active insecticides. With the amount of dilution of 
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the spray, and the quick evaporation after its application, the 
results obtained would hardly form a good basis for determin- 
ing the probable length of time that soluble ingredients are 
present and act as efficient insecticides in a wash applied under 
ordinary orchard conditions. This would certainly vary with 
the amount of rain and sunshine following the application. 


EXPERIMENT II. 


The principal object of this experiment was to determine how 
long after its application the wash would retain its insecticidal 
properties when submitted to severe daily drenching with water. 
Incidentally the direct insecticidal properties of ‘the soluble 
compounds were brought out. The results obtained should in- 
dicate the conditions upon treated trees, especially during a 
wet season. 

For the experiment a glass plate, of the size previously stated 
under Experiment I, was flooded with 3 ounces of lime-sulphur- 
salt wash and allowed to dry thoroughly. The coating of the 
wash thus formed was thoroughly dry in 24 hours and was then 
sprayed with one ounce of water applied with an atomizer. 
The residue was caught as before and immediately sprayed 
upon infested apples. This was continued on each of six suc- 
cessive days, the same glass plate with the wash receiving the 
same treatment with water each time, but the residue was ap- 
plied to a different apple each day, so that the first apple (No. 
8 of Table III) received the residue obtained by spraying the 
plate the first time, the second apple (No. 9 of Table III) the 
residue obtained by spraying the plate the second time, and so 
on until all the apples were treated. A summary of the treat- 
ment is given in the following table: 
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DETAILED RESULTS. 


The apples whose treatment is noted in Table III showed these 
conditions at the time of final examination, September 27: 

Apple No. 8.— Seventeen larvee dead upon surface of the crust ; 
1 adult female dead with several larve beneath its scale; 1 
adult female dead, no young; 1 adult female dead with 14 dead 
young beneath the scale. All of the young scales were found 
dead beneath the crust. 

Apple No. 9.— Highteen larvae dead upon the surface of the 
erust; 1 female alive with 29 dead and 8 living larve beneath 
its scale. This female had succeeded in raising its scale above 
the crust; 1 adult female alive with 12 dead and 8 living young 
beneath its scale; 5 young that had begun to form scales were 
found alive. They were on parts of the apple thinly covered by 
the deposit. The remainder of the scales were dead. 

Apple No. 10.— Four young larve were found moving about 
upon the surface of the apple, 11 were found dead; 10 adult 
females alive, no young; 1 adult female alive, with 5 active 
larve beneath her scale; 1 female dead, no young; 1 male nearly 
mature; 3 males alive; 52 young scales alive, remainder dead. 
September 2, 10 of the adult females were observed projecting 
the posterior margins of their bodies from beneath their scales. 

Apple No. 11.— Thirty-eight larvee dead; 25 adult females alive 
and 6 dead; 276 young scales developed to the black stage alive; 
remaining scales dead. 

Apple No. 12.— Many larve maving about on the apple; 87 
young and 37 adult females alive, also 16 that had just begun to 
form the scales; 3 adult females dead. 

Apple No. 13.— Nine adult females dead with several dead 
larve under their scales; 8 adult females alive; 28 young that 
had begun to form scales together with 59 others alive. Remain- 
ing scales dead. 

Apple No. 14.— Seventeen adult females with no young alive; 
4 adult females alive with 3 to 15 dead larve under their scales; 
4 adult females dead; 58 living and 12 dead that had developed 
to the black stage; 42 that were beginning to form the scale 
alive. Remaining scales dead, 
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Apple No. 15.— Fourteen adult females alive with from 8 to 12 
living and 8 to 6 dead larve beneath their scales; 11 adult 
females dead with no young; 14 young just forming scales 
(white stage) slightly covered with wash, alive; 39 scales, black 
stage, alive. Remaining scales dead. 


CONCLUSIONS. 


For this series of experiments the wash that had been allowed 
to dry for 24 hours on the glass plate was sprayed with water 


every day for six days. Each day the residue thus obtained was. 


sprayed upon an infested apple (Nos. 8-13). The results are 
very pronounced. The residue obtained from the first applica- 
tion of the water to the dried wash, killed all of the scales or 
100 per ct. This residue undoubtedly contained much of the 
soluble ingredients as well as a small amount of the insoluble 
or Slowly soluble ingredients which formed a crust on the apple. 
As was to be expected, the products of the succeeding applica- 
tions of water to the wash on the glass plate were much weaker 
in soluble ingredients and had correspondingly less effect upon 
the scale as shown by the percentage killed on apples 10 to 13. 


The same result is shown on apple 14. When more of the pre- 


cipitate was obtained, as was the case for apple 15, fewer young 
were produced and more of the scales were killed. 

While it is difficult to determine the exact effect of the soluble 
ingredients and heavy precipitates of the wash, as it was im- 
possible to know in all cases the exact condition of the scales 
on the treated apples, the above table and results give further 
evidence that the soluble ingredients act as a direct contact 
poison, killing the adults and young, while the insoluble or 
slowly soluble compounds act indirectly as a mechanical barrier 
to the development of the young scales. 


EXPERIMENT III. 

This experiment was principally for the purpose of deter- 
mining the effect of an excessive amount of precipitates (or 
insoluble or slowly soluble ingredients of the wash) upon the 
scale. This has a bearing upon the relative value of a large or 
small excess of lime in the wash, 


a 
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A glass plate of the usual size was coated heavily three times 
, with the wash and allowed to dry thoroughly. The plate was 
sprayed with one ounce of water from an atomizer each morn- 
ing from September 1 to 15. The residue obtained each day 
was sprayed at once upon three infested apples as shown in the 
table. 
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DETAILED RESULTS. 


At the time of final examination, September 27, Apples Nos. 
17 to 19, whose treatment is noted in Table IV, showed the fol- 
lowing results from the applications: 

Apple No. 17.— One adult female dead with 44 dead young 
beneath her scale; 2 adult females alive with 16 to 23 dead 
larve respectively beneath their scales. Remainder of scales 
dead. 

Apple No. 18.— Seventy-eight dead larve on the surface of the 
deposit covering the apple; 17 adult females alive and from 15 
to 30 dead and from 5 to 10 active larvee; 5 adult females alive, 
two of which had raised their scales above the crust; 10 adult 
females dead; 4 nearly mature females on sides of apple alive; 4 
scales that had reached the black stage were also found alive. 

Apple No. 19.— Twenty-one larvae were found dead under the 
heavy deposit about the calyx; 15 adult females living with from 
2 to 7 dead and 3 to 11 living larve under their scales; 13 young 
alive that had passed the first molt. Remaining scales dead. 


CONCLUSIONS. 


The mechanical effect of a heavy deposit of precipitates upon 
the development of the scale is well brought out in this experi- 
ment. While the soluble ingredients of the wash evidently killed 
many of the scales at the time of the first and second treatments, 
the later treatments, which consisted largely of the precipitates, 
killed a higher percentage of the scales, as shown by the table. 
The fact also that many of the young scales were found held 
securely under the crust and others dead upon it, further indi- 
cate the mechanical effect of the heavy deposit. The larve that 
were found dead upon the crust were unable to find a suitable 
place to settle down. Their delicate mouth parts could not pene- 
trate the coating of precipitate. In this experiment the heavy 
deposit acted as a mechanical obstruction to the emerging and 
settling down of the young and resulted in killing a fair per- 
centage of the mature females and a majority of the immature 
scales, a much larger percentage in the case of the latter than 
in any of the previous experiments. 
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EXPERIMENT IV. 


The object of this experiment was to imitate a condition often 
occurring on a tree, especially where the wash is not evenly 
applied. The condition referred to is that of a number of scales 
in close proximity to a coating of the wash but which have not 
been touched by it. By applying water frequently in the form 
of a fine spray, a condition often occurring in orchards during 
wet seasons was brought about. Naturally some of the ingre- 
dients of the dried coating of the compound would be washed 
- upon the scales and by this means it could be determined to what 
extent the treatment thus brought about could be depended upon 
to kill the scale in various stages of development. This has a 
direct bearing upon the degree of thoroughness necessary in 
treating infested orchards with the lime-sulphur-salt wash. It 
is to be noted, however, that, in this case, although the apples 
were sprayed very carefully and very gently it is not improbable 
that the daily treatment of water may have killed some of the 
young scales. 

For the experiment three apples were selected that were in- 
fested at the stem and blossom ends only. The sides of the 
apples were well coated with the wash, which was allowed to 
dry. They were then sprayed with water from an atomizer 
every day for fifteen days. 

A summary of the treatment is given in the following table: 


323 


New YorK AGRICULTURAL EXPERIMENT STATION. 








‘yueulyeery AY 


pe 23%] 0900.10 J 

















0 0 |] |0 |0 {0 {0 {0 |0 0 
0/0 0 |0 {0 0 IT [8 |e 
E helen bé leoirh Gk 


‘quoulliedxe Ul 








SoTBOS IequINU [e4OT, 








SateOl.6 8 2.029 ey 2. s 
e, 

3 

= 

a Joquieydeg 

B 

< 

iss) 

ts) 

g “NuOg GAVAUVT JO aqxooay 








eve ae eis, ee 6S e 6.06 |) teab eo tame @ 6,8 © noe ve + 6)-e ue) « eines si) ere 


s)he; SM 0. OOF eo OR: COR ae By 658 0 A 8 eee O64) ie oe 6) Sw OM e168 deme 


‘SOTBOS OY} SULIOAOD 





0G “ON S® 9Uleg 








0Z ‘ON SB ouleg 


Spud ULOSsoTq 


puv U19}s 0} poyseM ATMOTS sem ‘o]dde jo sapis ynoqe pueq B 


SUIULIOJ ‘oIN}XIU OYT, ‘SABP GT 10} ABp ArOAO 


“LNGUWLVAUL JO UALOVUVHO 











poseids sojddy 








CI-1 ‘3deg |001 [€ |Z 
Cl=l dad ie sip ete 
CI-1 “adeg log 0z_ {02 
vo Kl PF |e 

Qu =} 

= e| & |B 

oS a8 th i) 

oO Le | 

3 ae 

g o 

“SH@TVOG 











‘NOILVOITdd VY LSuly AHL AA GAHONOT ATLOMUI(T LON 
DNGVfayY NOdOQ GyOLXIP, LIVG-YOAHdATING-AWIT WOU CLNO GHASVAA STIVINGLVIY JO Lodday —A WIAVY, 





324 REPORT OF THE DEPARTMENT OF ENTOMOLOGY OF THE 


DETAILED RESULTS. 

The apples in Experiment IV, Nos. 20-22, showed the facts 
noted below, when finally examined, September 27: 

Apple No. 20.— Three adult females alive, with from 2 to 14 
dead and from 0 to 12 living young under their scales. All of 
the remaining scales dead. 

Apple No. 21.— Four adult females alive, with from 3 to 16 
dead and from 0 to 8 living young under their scales; 3 scales of 
hibernating stage alive. Remaining scales dead. 

Apple No. 22.—-Two adult females dead, with 5 and 9 dead 
young respectively under their scales; 1 adult female with 38 liv- 
ing young under her scale; 16 females recently past first molt 
alive. Remaining scales dead. 


CONCLUSIONS. 


That the treatment prevented normal reproduction and growth 
of the scales is apparent from the comparatively few young pro- 
duced and the large percentage of scales in all stages of develop- 
ment that were killed. The destruction of the young may have 
been due in part to the excessive amount of water, but from the 
fact that many did not succeed in escaping from beneath the 
parent scale, and also from the fact that many of the adult scales 
as well as those that had recently settled down or had already 
reached the hibernating stage were killed, it is apparent that the 
poisonous and mechanical properties of the wash were responsi- 
ble for a large part of the work of destruction. 


EXPERIMENT V. 


This experiment and the next were conducted in large part as 
checks upon the preceding experiments. In these two experi- 
ments the soluble and insoluble ingredients of the wash were 
tested separately. In addition to acting as a check the two 
experiments furnish further data upon the action of the soluble 
ingredients and the precipitate upon the scales. For this experi- 
ment the soluble ingredients only were used. 

The material for treating the four infested apples selected was 
secured by coating another one of the glass plates with a heavy 
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coating of the lime-sulphur-salt wash. The coating of wash was 
dried immediately in a drying oven and then exposed all day to 
the bright sunlight. The plate was then thoroughly sprayed 
with water at the rate of one ounce of water to each ounce of 
wash. The product thus obtained was carefully drained off into 
a suitable receptacle and allowed to settle. The liquid was then 
drawn off and sprayed upon the four apples, as shown in the 
following table: 
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DETAILED RESULTS. 


The condition of apples Nos. 23 to 26, Table VI, at time of 
final examination, September 28, is noted below. 

Apple No. 23.— Twenty-three adult females alive, with 7 to 10 
dead larve under the scale of each; 7 adult females dead; 17 
dead larve, free on surface of apple; 42 scales at hibernating 
stage alive. Remaining scales dead. 

Apple No. 24.— Fifty-three adult females alive; 240 young 
alive; 80 scales dead and remainder missing. 

Apple No. 25.— Highteen adult females alive; 20 young scales 
in hibernating stage and 210 larve alive. Remaining scales 
dead or missing. | | 

Apple No. 26.— Fifty-three adult females living; apple literally 
covered. with young scales in all stages of development. 


CONCLUSIONS. 


The treatment of the plate as previously described seems to 
have brought about marked chemical changes, doubtless in the 
breaking down of the sulphides, so that the effect of the product 
obtained from spraying the plate seems to have had little ap- 
parent effect upon the scales. A comparison of this: lot with 
those scales that had not been treated shows that the percentage 
of living scales and the offspring produced during the period 
under observation was no greater than in this case. Likewise, 
the results of this experiment are somewhat contradictory of 
experiments I and II. But the results of these latter are so 
conclusive that the apparent contradiction by een Vv 
must be explained by the difference in treatment. 


EXPERIMENT VI. 


This experiment was the same as No. V, except that the pre- 
cipitate instead of the liquid was used. Enough of the liquid 
was used, however, to form a thick paste with the precipitate. 

The object of this experiment was to determine the effect of 
the precipitate upon the scales when used practically alone. 
The results are given in Table VI. 
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DETAILED RESULTS. 


The detailed results, supplemental to those in Table VII, 
showing the effect of the treatment on apples 27 to 380, up to 
the time of the final examination, September 30, appear below: 

Apple No. 27.— Thirty adult females alive; 35 scales in hiber- 
nating stage alive; 13 larve dead; remainder missing. , 

Apple No. 28.— Wighteen adult females alive, with from 10 to 30 
dead and from 1 to 8 living larvee under the scales. Six of the 
adult females had raised their scales above the crust formed by 
the wash; 34 young, with scales in white stage, alive; eighteen 
of these had lifted their scales so that their bodies could be 
seen; 71 larve dead upon the surface of the crust formed by the 
wash. Remainder of the scales dead or missing. 

Apple No. 29.— Twenty-six adult females living, with from 3 to 
11 dead and from 2 to 9 living larve under their scales; 43 dead 
larve on the sides of the apple where the crust was thin; 36 
young scales, that had passed second molt, had raised their 
scales somewhat but were alive. Remaining scales dead. 

Apple No. 30.— Six adult females alive with from 8 to 6 dead 
and 0 to 4 living larve under their scales; 35 dead larve on 
surface of crust formed by wash; 87 young females alive, 
although many were so located as to be under a heavy crust, 
22 of these females, located where the crust was thin, had 
raised their scales somewhat. 


CONCLUSIONS. 


In these experiments the adults were but little affected by the 
heavy precipitate while the young scales were, as a rule, unable 
to withstand it. The fact that the young scales were killed in 
greatest numbers on those parts of the apple which were most 
heavily covered with the precipitate further indicates the 
mechanical effects of the heavy crust in killing the young scales 
either by smothering them or by preventing their securing food. 
In the-previous experiments, notably I and II, there were solu- 
ble compounds possessing some insecticidal value associated 
with the precipitate, so that in many instances it was a matter 
of doubt to which of the two to credit the destruction of the 
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larve. In the previous experiment, No. V, it seemed evident 
that the treatment of the scales was inefficient because of the 
lack of these same insecticidal compounds. As the precipitate 
in this experiment, No. VI, was the residue from No. V, it is 
safe to assume that the destruction of the scales in the present 
experiment is to be credited to the mechanical effects of the 
precipitate and not to any soluble compounds present with it. 
The low percentage killed, shown by the table (apples 27 and 
30), is due to the smaller number of young. 


CHECKS. 


A series of experiments shown in the following table was 
carried out as checks to the foregoing experiments. Apple No. 
1 was treated with a thin coating of whitewash, thus supplying 
the conditions, so far as the mechanical effect of a practically 
neutral heavy wash is concerned, prevailing in those experiments 
in which the precipitate was abundant, especially Nos. I, II, 
IV and VI. The only important difference was that in the case 
of the checks the whitewash acts as a purely mechanical mixture 
while it is possible, in most of the above experiments, that some 
poisonous qualities of the insoluble ingredients of the wash 
may have an influence in destroying the scales. Apples Nos. 2 
and 3 were sprayed every day with water for fourteen days to 
determine the effect of the water alone upon the scale, and 
thus to act as a check upon experiments in which the soluble 
ingredients alone of the wash were used. Apples Nos. 4, 5 and 
6 were not treated and were thus a check upon all of the 
experiments. 
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DETAILED RESULTS. 


Apple No. 1.— Forty-two adult females alive, with from 8 to 20 
dead larve under their scales; 18 scales in hibernating stage 
were found under thickest crust, 5 were alive, remainder dead; 
14 other young scales were found alive; also 39 dead larve on 
surface of the crust. 

Apple No. 2.— Five adult females alive; 57 scales in hibernat- 
ing stage alive and 140 dead; 22 young larve just forming 
scales alive; 7 larve dead on side of apple beneath the crust. 

Apple No. 3.— Five adult females alive, with from 1 to 7 and 2 
to 8 living larve under their scales; 13 adult females alive with 
no young; 104 scales in hibernating stage, of which 38 were 
dead; 26 young just forming scale alive. Remaining scales dead. 

Apple No. 4.— Three adult females alive; 14 scales in hibernat- 
ing stage alive; 7 dead; 35 larve just beginning to form scales 
alive; 7 larve dead on side of apple beneath the crust. Remain- 
ing scales dead. 

Apple No. 5.—- Sixteen adult females alive with no young; 6 
adult females dead with no young; 4 adult females dead with 
3 to 13 dead young; 2 adult females alive with 2 to 4 dead young; 
115 nearly mature females alive; 403 scales in hibernating stage 
alive. Remaining scales dead. 

Apple No. 6.— One adult female alive, with no young; 21 adult 
females dead with no young; 1 adult female alive, containing 4 
well-developed embryos; 583 scales in hibernating stage alive. 
Remaining scales dead. 


CONCLUSIONS. 


The checks serve as a basis of comparison with those apples 
treated as described in the various experiments. The conclu- 
sions to be drawn from these statistics are of no value except 
as compared with those gathered from the lots under experi- 
ment, which are reserved for the general summary. Attention, 
however, might be called to Apple 1, Table VII, as showing 
that lime in itself does possess some value as a wash, especially 
in preventing the escape of larvee from beneath the mother scale 
and apparently in suffocating immature scales. The treatment 
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with water seems to have had but little effect upon the pro- 
duction of larve or otherwise upon more mature forms or upon 
the larve themselves. Apples Nos. 4, 5 and 6 present an inter- 
esting record of the daily production of young, of the per- 
centages of living and dead immature scales, and of extreme 
variation in the ratios of living and dead adult females, all of 
which affords an excellent basis for the interpretation of the’ 
results obtained in Experiments I to VI. 


GENERAL SUMMARY AND CONCLUSIONS, EXPERIMENTS I TO VI. 


In these experiments 50 apples were used. The number of 
scales upon each apple varied from 1 adult and 11 young to 638 
adults and 1,250 young, an average number sufficient to give 
reliable results. In most of the experiments three or four in- 
fested apples were used. 

The infested apples selected were perfectly sound and showed 
considerable larval activity. The fact also that larve were 
being produced on the fruit at the time of the experiments was 
good evidence of the age and condition of the mother scales. 
The fair presumption is that most of them were alive, but it was 
: : : / : 
impossible to determine the percentage. To have determined 
this would have necessitated the injury or destruction of most of 
the scales. Hence, in the interpretation of the results, allowance 
must be made for probable injury to the insects in the handling 
of the fruit, although it was handled with great care, and also 
for variation in degree of parasitism’ and death from other 
natural causes. 

7Dr. L. Reh in a paper entitled Untersuchungan an Amerikanischen Obst Schildlausen in 
Mittheilungen aus den Naturhistorischen Museum (Hamburg?), Vol. XVI, reports consider- 
able difference in the parasitism of the San José scale upon imported American fruits. A sum- 
mary given by Dr. L. O. Howard in U.S. Dept. Agr. Div. of Ent. Bul. No. 22, N. S., is as 
follows: 'Two hundred and fourteen (33.49 per ct.) living and 425 (66.51 per ct.) dead speci- 
mens of Aspidiotus perniciosus were found. Of the dead specimens, 63 were “eaten out” 
(killed by insect enemies), equal to 9.06 per ct. of all specimens, and 156 (equal to 22.44 
per ct. of all specimens) were infested with fungi. More than 30 per ct. of all imported San 
José scales arrived infested with parasitic insects or fungi. 

In a recent publication (Bul. 71) Dr. S. A. Forbes reports that 50 per ct. of the immature 
were dead before treatment in the spring. He considers that this mortality was due to the 
low vitality of the trees: Similar observations showing great mortality were made last spring 


at this Station on this and other closely allied orchard scales with the result that no satis- 
factory cause could be found for the condition unless it was parasitism or climatic conditions, 
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Any one who has had occasion to examine into the condition 


of a large number of scales appreciates the losses in numbers 


through this source alone. This is a point well worth bearing 
in mind if a statistical determination during the dormant period 
of the scale is to be the criterion of the efficiency of washes just 
previously applied rather than the condition of these same trees 
at the close of the following breeding season of the scale. For 
this reason the season was chosen when the larve were most 
active, the white and black scales numerous, and there was evi- 
dence of living adult scales. That each experiment might con- 
tain scales of an average condition the apples were divided into 
lots of from 3 to 20 each. 

The experiments furnish valuable data upon the insecticidal 
properties of the wash in showing that, upon application, the 
soluble ingredients cause the death of all the scales with which 
they come in contact, and that when the wash has dried there 
still remain soluble ingredients destructive to scale life, the 
duration of the insecticidal properties of which is largely deter- 
mined by the degrees of heat and moisture immediately follow- 
ing the application. 

Experiment I, second series, shows unmistakably marked in- 
secticidal properties in the wash three days after its application, 
and to a much less extent on the fourth. In Experiment II it 
is shown that one good drenching of the wash as by a heavy 
rain, following an application, causes a wasteful and excessive 
leaching away of these desirable compounds, and that the length 
of time that these are retained in the wash is dependent upon 
the number and degree of subsequent drenchings. In Experi- 
ment V there is strong evidence that conditions of heat affect the 
wash also, higher temperatures assisting in the breaking down 
of the soluble ingredients to less efficient ones, and lower tem- 
peratures retarding such action, thus extending the time in 
which these ingredients can act as efficient insecticides. 

Attention is also directed to the results with the insoluble or 
slowly soluble ingredients that formed a crust when dry over the 
surface of the fruit. It was apparent that the effect of these 
insoluble ingredients was largely mechanical in that the young 
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were prevented from escaping from beneath the mother scale, 
or if they did escape, from finding a suitable place to settle down. 
The insoluble deposit also killed the young scales that had set- 
tled down but had not yet formed the mature scale. It is there- 
fore largely through these ingredients that a prolonged action 
of the wash is to be expected. The more of the heavy deposit 
on the tree the less rapidly the soluble ingredients will be 
washed away and the more prolonged the mechanical effects. 

In general these experiments bear out the results obtained in 
the field experiments, namely, that the wash clearly has a direct 
and prompt, largely chemical, effect and a secondary, or mechani- 
cal, effect upon the scale. 


II. SUMMER TREATMENT WITH LIME-SULPHUR 
COMPOUNDS. 


During the past summer experiments have been conducted in 
two orchards situated in Westchester and Niagara counties with 
the lime and sulphur compound in various proportions as shown 
in the following summaries. The principal objects of the experi- 
ments were to determine the propositions of the lime and sulphur 
which could be used safely and also whether summer spraying 
could be made practicable as a method of combating the scale. 


EXPERIMENTS IN NIAGARA COUNTY. 

These experiments were conducted in Mr. Whitney’s orchard 
described on page 299. ° Fifty-three trees were sprayed, 27 of 
which were Bartlett and Keiffer pears and the remainder Smock 
and Yellow St. John peaches. Two of the pear and one of the 
peach trees were badly encrusted with the scale, eight of the 
pears and nine of the peaches badly infested, but to a somewhat 
less degree, while the remainder were slightly infested. Two 
pears were left as checks. 

The trees were treated June 14, one thorough application being 
made, followed by another application, where needed, to insure 
thorough treatment. An average of about one and one-fifth gal- 
lons of the mixture was used for each tree. The weather on the 
date of the treatment was bright and warm with but little wind. 
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All of the trees were well leaved out. The weather during the 
four weeks following the treatment was cool with quite frequent 
showers. There was an especially heavy shower June 21. 

The mixture, which was made after the following formula, 
was boiled for two hours in an iron kettle and applied hot. It 
will be observed that in this formula both the lime and sulphur 
are used in less quantities in proportion to the water than in 
the formula for the winter wash: 


Lime unslaked 22% SPR eee 25 pounds. 

Snlphurreround wis cs. cb. he ele te hae 14 pounds. 

NVA DEIE SS sere path, EN OR Cee ardttte ara eee 60 gallons. 
RESULTS. 


The effect upon the trees was at once apparent. The leaves 
began to shrivel almost immediately and in a few days were 
badly burned and ready to drop off. Nearly all the leaves were 
killed. When the orchard was visited August 7 new leaves had 
formed and the trees were in fairly good foliage. The fruit 
buds showed no evidence of injury, as the crop of fruit com- 
pared favorably with the checks. 

The scales were killed on every limb that had been thoroughly 
treated. The presence of the foliage naturally prevented very 
thorough treatment of the smaller branches and in a few cases 
live scales were found scattered about on the small branches 
that had escaped thorough treatment. 


EXPERIMENTS 1N WESTCHESTER COUNTY. 

This orchard is one of the largest in the county. The trees 
selected are Burbank plums and were badly encrusted with the 
scale. They averaged about eight years of age and until the 
scale became sufficiently abundant to cause injury, which was 
not until this season, were in excellent condition. 


FIRST SERIES. 
Two series of experiments were made in this orchard. The 


first included only four trees and was considered preliminary to 
the second. As will be observed the amount of lime was varied 
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for the first two trees and the sulphur and lime for the second 
two, the principal object being to determine to what extent the 
sulphur and lime could be reduced and yet retain the adhering 
and killing qualities of the mixture. The mixture was prepared 
in the usual way in each case and boiled not less than two 
hours. The trees were sprayed July 1. The weather was bright 
and very warm. The three following days were among the 
warmest of the season, and the rainfall during the following 
month was above the average. 

Tree 1. This tree was encrusted with the scale on the trunk 
and all of the larger branches. The fruit, which was abundant, 
was also badly infested. The wash for this tree was made after 
the following formula: 


Lume; unslaked. BSA TIRE 10 pounds. 
SripPMar A rOUN a ION). EARN SY, om 5 pounds. 
COTA Tn ete, HOPE, PES AS BE 45 gallons. 


Tree 2. This tree was infested to about the same degree as 
No. 1. In this case five pounds more of lime was used with the 
same amounts of sulphur and water. 

Tree 3. This tree and No. 4 were infested to somewhat less 
degree than Nos. 1 and 2 but the trunks and most of the larger 
limbs were well encrusted. The fruit, although less seriously 
injured was so badly infested as to be unmarketable. The in- 
gredients of the wash were used in the following proportions 


for this tree: ¢ 
PTO SPUTISIABEOM e iu.s e's ee eck ee seater ohe aces 10 pounds. 
BURR PROT OUIIU ee fos tstegs toes eee se 24 pounds. 
PETERS et eee eh ey eee Pees 45 gallons. 


Tree 4. The same formula was used for this tree except that 
15 pounds of lime was used in place of 10 pounds. 


RESULTS. 


The trees showed the effects of the treatment almost immedi- 
ately. -Within three days the foliage of Nos. 1 and 2 was badly 
wilted and the trees soon dropped all of their leaves. Further 
than this there was no evidence of injury. The fruit remained 
on the trees. On both trees the scales were killed except on 

22 
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a few of the small twigs that were not well sprayed. Nos. 3 
and 4 were not affected as much as the other two trees; al- 
though in both cases the leaves dropped prematurely. The 
result upon the scales was also the same. , 

These experiments therefore indicate that only a compara- 
tively small amount of sulphur and lime in proportion to the 
water is needed to kill the scale but that even when much 
reduced in quantity it cannot safely be used upon the foliage. 


SECOND SERIES. 


The second series was made in September, the trees being 
sprayed from September 3 to 5. Eight Japan plum trees and 
three peach trees, badly encrusted with the scale, were used for 
these experiments. The weather was clear with a light wind 
except on the second morning when there was a light shower. 

In these experiments six plum trees and three peach trees 
were sprayed with mixtures in which the sulphur was reduced 
to a minimum as shown in the formula below. The remaining 
two plum trees were sprayed with whitewash only. This ar- 
rangement was for the purpose of making parallel tests with 
the lime and sulphur to determine as far as possible to what 
extent the sulphur can be reduced and still kill the scale and 
also whether there will be any appreciable effect on the scale 
if the sulphur is omitted entirely. The experiments in detail 
are as follows: ‘ ! 

Trees 1, 2 and 3 were sprayed with a mixture made after the 
following formula: | 


Dame, ainslaked osc, © haan cee 10 pounds. 
Sulphur, crown Fs AO aes Se es 1 pound. 
Water w c iets xt dete ne oa eee ak ee 45 gallons. 


Trees 4, 5 and 6 were sprayed with a similar mixture except 
that 15 pounds of lime was used. 

Trees 7, 8 and 9 were sprayed with the same mixture as 
numbers 1 to 3 except that copper sulphate at the rate of one 
pound to each 11 gallons of the mixture was added. | 

Tree 10 was sprayed with whitewash made of 10 pounds of 
lime to 45 gallons of water and tree 11 with whitewash in which 
15 pounds of lime to 45 gallons of water was used. 





New YorK AGRICULTURAL EXPERIMENT STATION. 339 


RESULTS. 

The trees were examined frequently, the final examination 
being made November 18. None of the trees showed evidence 
of injury. The scales were killed on trees 1 to 9 except as in 
previous instances upon an occasional branch which escaped 
thorough treatment. The scales upon trees 10 and 11, however, 
which were sprayed with whitewash only, did not seem to be 
affected. They were as abundant as upon the check trees. 

The adhesiveness of the washes used in these experiments was 
not so pronounced as in the case of the winter treatment, but in 
all cases except where the whitewash alone was used the trees 
remained white for several weeks. The whitewash weathered 


off rapidly. 


Ill. EXPERIMENTS IN MAKING A LIME-SULPHUR 
| WASH WITHOUT BOILING. 


The principal objection to the use of the lime-sulphur washes 
is the expense and inconvenience, in most cases, of boiling. A 
number of experiments have been made at the Station recently 
with a view to devising a method that will produce a satisfactory 
wash without boiling with fire. In these experiments strong 
alkalies were used to dissolve the sulphur, including Babbitt’s. 
potash and caustic soda. The alkalies were used in various pro- 
portions with the sulphur but from one-fourth to one-half pound 
of alkali to each pound of sulphur seemed to be enough. Caustic 
soda, ground, is probably to be preferred to the potash as it 
seems to be as effectual and is cheaper. The salt being omitted, 
as apparently having no value in this method of preparing the 
wash, the formula for 60 gallons would include the ingredients 
given on page 394 with from 5 to 10 pounds of caustic soda (or 
potash) in place of the salt. 

In the preparation of the mixture the lime was slaked, pre- 
ferably with warm water, and while it was slaking vigorously 
the sulphur, which had been made into a thin paste, was added 
and thoroughly mixed with the slaking lime. The caustic soda 
was then added, with water as needed, and the whole stirred 
thoroughly. As soon as the chemical action had ceased the 
required amount of water, preferably hot water, was added and 


340 Report of THE DEPARTMENT OF ENTOMOLOGY OF THE 


the mixture was ready for use. It is not improbable that this 
method will require modification, but as far as tested it promises 
to prove satisfactory. 

It is yet too early to make a definite statement as to the 
practical value of this or similar methods of making the wash. 
The mixture thus produced, however, has the general appear- 
ance of the wash made in the usual way, but although field tests 
are under way we have not yet satisfactorily demonstrated the 
_ safety or efficiency of the wash when made in this manner. The 
subject is presented at this time, therefore, as merely suggest- 
ing the possible value of this method. Should the method prove 
efficient after further trial, more definite statements will be 
made in a later publication. 


TV. SPRAYING EXPERIMENTS WITH OTHER WASHES. 

A number of compounds which have been recommended as 
remedies have been tested during the past season, both on Long 
Island and in Ontario County as follows: 


TESTS ON LONG ISLAND. 

These experiments were made in the orchard in which the 
other Long Island experiments were conducted. The trees were 
sprayed April 27 in the same manner as in the lime-sulphur 
experiments. The same check trees were also used. Three com- 


pounds were tested as follows: 


RESIN WASH. 

California formula.— Four peach trees, Early Crawford, Late 
Crawford and Elberta, and two Japan plum trees were selected 
for this test. Two of the peach trees were badly encrusted with 
the scale. The remainder were mildly infested. The wash was 


made after the following formula: 


ROB I De seb shail ch apt i Hadad eth cote hak Pees 8 pounds. 
Canstl ; SO0Biis spiadcisteeerre weed Get 2 pounds. 
HU Sh Ol Ae. s: onda blot iia tee Meigs eke 1 pint. 

Water: dicta. teehee ke enti: tei 40 gallons. 


The resin, caustic soda and fish oil were boiled in a small 
amount of water for two hours and then diluted with warm 





New YorkK AGRICULTURAL EXPERIMENT STATION. 341 


water to 40 gallons. This wash sprays fairly well but is some- 
what troublesome in clogging the machinery, especially the noz- 
zies, unless kept warm. It forms a smooth glossy coat on the 
bark. 

Results.-—Although the trees were examined several times dur- 
ing the season, there was no evidence of injury. A fair per- 
centage of the scales were killed, but so many survived the 
treatment that before cold weather the trees had become quite 
badly infested again. The wash did not remain more than two 
or three weeks on the trees. 

Station formula.— This wash is the result of a number of 
attempts to make a resin wash without boiling. In this case 
the ammonia dissolves the resin. It is only necessary to stir 
the mixture about 15 minutes or until all of the resin is dis- 
solved. The principal objection to this wash is the fact that 
it gums the machinery somewhat, especially if allowed to stand 
for a day or two in the tank. It is much beter to empty the tank 
and clean the machinery by pumping through a little diluted 
ammonia or boiling hot water before putting the machine away. 
The wash was tested at two strengths, the stronger containing 
one-half pound of resin to each gallon of the mixture, and the 
weaker one-fifth pound to the gallon. The formula is as follows: 


SE APENIVOTITE DO sos 02. be Wie cre She ele aoele be 14 gallons. 
ESD CGN SSMS Ba ai aS ya A A RE 1 quart. 
PEC TE  Oy ats SheR NG CeO N oan Pas SE LOY s 8 pounds. 
MEE 1S Ws Bh A ne be arm oa Le 4 gallons. 


As soon as the resin is thoroughly dissolved add water to make 
16 gallons of the mixture for the strong and to make 40 gallons 
for the weak. 

Six peach trees were sprayed with the weak and six with the 
strong mixture. One tree in each lot was badly encrusted with 
the scale and the others: were moderately infested. 

Results.--The wash sprayed well, as it formed a soapy mixture. 
It dried quickly on the trees, leaving a smooth polished surface. 
No injury was caused in either case and the scales were evi- 
dently killed wherever the wash came in contact with them, 
as only an occasional live scale was found. 
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TESTS IN ONTARIO COUNTY. 

The experiments were conducted in a small peach orchard 
near Geneva. It had been planted about four years but had 
become very badly infested with the scale. The trees selected 
for the experiments were encrusted on the trunks and larger 
branches. They were sprayed June 27 when the young leaves 
were well out. The weather at the time of treatment was fair 
with but little wind. Four trees were sprayed with the 
ammonia-resin- compound, Station formula, both strong and 
weak, with practically the same results as on Long Island ex- 
cept, aS was expected, that the young leaves were somewhat 
injured. Two trees were also sprayed with the California resin 
wash with practically the same results as on Long Island. In 
this case also the young leaves were burned somewhat. 


LIME-WATER-KEROSENE WASH.!° 
This wash was made after the formula given by Marlatt and 
prepared as directed by him in the bulletin above referred to. 
The formula and directions are as follows: 


Reesh. dimes. Say? oe ore ne ae eae 4 pounds 
Wiatler ie iat FCT ioe oe oe et ae ce 5 gallons 
Kerosene. >. cis sisi La Oe eee eee 1 gallon. 


“Slack the lime slowly with small quantities of water in order 
to get a creamy solution. When thoroughly slacked dilute to 
five gallons, add one gallon of kerosene, and churn until emul- 
sified (one or two minutes).” 

This mixture was applied with especial care. The tree was 
thoroughly covered. Considerable difficulty was experienced in 
applying the wash evenly as the oil separated from the water 
very quickly, and made heavy streaks on the trunk and 
branches. It remained white on the tree for a few days but 
soon turned a dirty gray and disappeared almost entirely in a 
few weeks. 

Results. The trees were not injured, and at the time of the 
final examination, August 7, the tree was nearly freed from the 
scale; the occasional surviving scales found evidently escaped 
being reached by the spray. 


WSyggested by Professor Galloway and published by C. L. Marlatt in U. S. Dept. Agr., 
Div, Hints. Bul. 30,.N. S34 p. 37. 
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AMMONIA-CASEIN WASH. 


This wash was made by the Station formula as follows: 


WAVER STC eS 2) Ah eae ae Sry ASA eA ey a 1 gallon. - 
Pre IT teeas tc. far, ATS TL de, Siaftcta setae. 1 pound. 
EN RIVONIA 20 oo. SAUL. . G'S e Teatro Gt SN 1 pint. 


The ingredients were mixed and the whole boiled about an 
hour or until the casein was divided into very fine particles 
suspended in the solution. The casein was used for the pur- 
pose of comparison with resin as a base. 

Results.— The wash sprayed well and formed an excellent 
evenly distributed and highly polished varnish on the bark. It 
remained on the tree during most of the summer, gradually 
weathering off late in the season. There was no evidence of 
injury to the tree except that the young leaves were slightly 
burned. The scales were evidently killed wherever reached 
by the spray. Many were found glued to the bark. 


LIME-SULPHUR-SALT WASH AND CASEIN. 


The lime-sulphur-salt wash was prepared in the usual way 
and, while boiling, the casein wash, as prepared above, was 
added at the rate of one pound of casein to each gallon of the 
wash. The object was to determine if casein could not be used 
to increase the adhesive qualities of the lime-sulphur-salt wash. 

Results.— One tree was treated. The casein separated from 
the rest of the mixture and hence it was difficult to apply 
evenly. As was expected, the lime, sulphur and salt killed the 
young leaves and seriously injured the tender twigs. 


LIME-SULPHUR-SALT WASH, LIQUID ONLY. 


The wash was made in the usual way and allowed to stand 
until all the heavy precipitate had settled. The liquid was then 
drained off and sprayed upon a tree. This experiment is parallel 
to some of the experiments with infested apples, page 434, 
testing the effect of the soluble ingredients of the wash upon 
the scales, and in its effect upon the scale bears out the results. 

Results.— The young leaves were badly burned and the tips 
of the smaller branches were also burned somewhat, due un- 
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doubtedly to using the solution too strong. No live scales were 
found although the tree was badly infested at the time of treat- 
ment and was carefully examined twice during the summer. 


LIME-SULPHUR-SALT WASH AND BORDEAUX MIXTURE. 


The lime-sulphur-salt wash was made in the usual way and 
after removing from the fire a solution of copper sulphate in 
water was added in the proportion of one pound of copper sul- 
phate to 1i gallons of the mixture. The result was a heavy 
greenish wash. One tree was sprayed. 

Results.—Although the wash was quite heavy it sprayed easily 
and formed, when dry, a heavy greenish coating on the bark. 
This combination adhered as well if not better than the lime- 
sulphur-salt wash alone. The leaves and twigs were injured 
somewhat; as was to have been expected, for the wash was 
used at winter strength. The treatment was evidently a success 
in killing the scales as no live scales were found, although the 
tree was one of the most extensively infested of any in the 
orchard, and was carefully examined three times during the 
season. 

POTASH-SULPHUR WASH. 

This wash has been successfully used in California and for 
this experiment was made as directed. The formula and direc- 
tions are as follows: 


ATER STICUB OBL Bop Law NL eps shies UN ee + ounce. 
PRO TAR ey Ve eo edie: cide oi nedat tinue’ # ounce. 
Sarpy a hie Ne. fe Th eae ara ae 21 ounces. 
Wihateor soap Ak err ee Sete we 1 pound. 
Waters ote dttcnr esr fies. ee reerie 5 gallons. 


The ingredients were boiled together for one and one-half 
hours and applied hot. Two trees were treated. 

Results.— There was no evidence of injury to the trees except 
a slight burning of the foliage. The trees were examined twice, 
May 14 and August 7, but only an occasional scale was found on 
either date. The wash weathered off within two or three weeks 
and left the bark clean and smooth. 


_ . 
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SUMMARY OF RESULTS. 


These experiments, although including but a few trees, are 
sufficiently extensive to indicate final results. No attempt was 
made 10 compare the cost of making the different mixtures as 
none of them are expensive. The principal difference in the 
cost of making lies in the apparatus required and the amount 
of boiling necessary. Where boiling can be avoided considerable 
inconvenience and expense is saved. 

Comparing the resin washes, the one made after the Station 
formula proved as effectual in killing the scale as the other, 
did not injure the trees when applied before the leaf buds burst, 
and can be made more conveniently and economically, as it does 
not require boiling and the cost of the ammonia is slight. The 
casein has a slight advantage over the resin in adhesive quali- 
ties, but it is probably not sufficient to warrant the additional 
expense. 

None of the compounds tested gave any better results than 
the lime-sulphur-salt and bordeaux mixture, and this has the 
additional advantage, which is of much practical importance, of 
combining both the insecticidal and fungicidal properties. By 
combining the two, therefore, the necessity of making an extra 
treatment for the scale is avoided. 


DISCUSSION OF RESULTS AND CONCLUSIONS. 


The experiments recorded in this bulletin represents but one 
season’s work and, therefore, should be considered as prelim- 
inary. Any conclusions that may be based upon such experi- 
ments are necessarily provisional, and this is all that is claimed 
in this case. It may be noted, however, that, in general, the 
results in the East with the lime-sulphur-salt wash have been 
favorable, and as this is the case with the present experiments, 
they bear out results already obtained. 

As stated on a previous page, the wash has proven a satis- 
factory remedy in California. Its power to destroy the scale 
there has been demonstrated. It now remains to determine 
whether this can be said of it under our eastern climatic condi- 
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tions. The experience of recent years, however, has shown that 
the real problem is not the extinction of the San José scale, as 
this is evidently an impossibility, but its control. Any wash or 
other treatment, therefore, designed to be used as a remedy 
for the scale should be judged on this basis. 

In the experiments herein reported various washes were used. 
At the close of each series a summary is given, and hence it 
is unnecessary to go into detail here. The principal experiments 
were with the lime-sulphur-salt wash. The facts that the experi- 
mental orchards were well distributed over the State, and that, 
with the exception of the Long Island orchard, the wash was 
subjected to unusually severe tests of washing rains soon after 
its application, add materially to their value. 

The laboratory experiments to determine the nature of the 
action of the wash upon the scales bear out the conclusions 
indicated by the orchard experiments, namely, that the wash 
kills the scales in two ways; directly through its soluble com- 
pounds and probably very soon after coming in contact with 
them, thus acting as a contact poison; and indirectly through its 
slowly soluble or insoluble compounds by forming a crust which 
apparently smothers the young insects, often preventing their 
escape from beneath the mother scale, or by preventing the 
active larve that have been produced by females that escaped 
being hit by the spray from finding a suitable lodging place upon 
the bark. The importance of the crust formed by the precipi- 
tates is an argument in favor of the liberal amount of lime, as 
the excess of lime aids materially in the formation and stability 
of the crust and with the other precipitates delays the washing 
away of the soluble compounds. 

The experiments further indicate that the lime-sulphur-salt 
wash, or a lime-sulphur wash, may be combined with a solution 
of copper sulphate, forming bordeaux mixture, and thus act as 
both an insecticide and fungicide. It should be applied a short 
time before the buds burst in the spring, a desirable time for 
the first treatment with the bordeaux mixture. This is one of 
the most important features of the treatment with this wash, as 
it does away with the necessity of a special spraying apparatus 
and a separate treatment for the scale. 
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The results with the other washes were not such as to indi- 
cate a superiority over the lime-sulphur-salt wash. The summer 
treatment was successful as far aS summer treatment with a 
spray for this insect is likely to be. It was found that on plum 
trees the sulphur should be reduced to a minimum to prevent 
burning the foliage. One pound of sulphur to each ten pounds 
of lime was found sufficient to kill the scales during the summer 
and did not seriously injure the leaves. The salt was omitted. 
The difficulty, however, cf thoroughly spraying the bark of trees 
that are in foliage makes summer treatment with washes un- 
satisfactory as a rule. 

The following conclusions may be considered as indicated by 
the experiments: 

1. No special apparatus is required for the application of the 
lime-sulphur-salt wash. A machine suitable for spraying bor- 
deaux mixture will be found satisfactory. Care should be taken 
to protect the hands and face while spraying with the wash. 

2. The wash does not spread readily upon the bark, and hence 
much pains should be taken to hit every part of the tree. 

5. Through its soluble ingredients, the wash acts directly as a 
contact poison, killing the scales soon after coming in contact 
with them; and indirectly, through its insoluble or slowly soluble 
ingredients, aS a mechanical preventive to the development of 
the young. The efficiency of this phase of the wash is greatly 
aided by the presence of an excess of lime. 

4. The lime-sulphur-salt wash may be combined with bordeaux 
mixture either in the proportions known as the Oregon wash or 
by adding a dilute solution of copper sulphate to the formula 
given in this bulletin in the proportion of one pound of copper 
sulphate to each eleven gallons of the diluted wash. This 
method is preferred. 

5. The wash should be applied early in the spring, a short 
time before the buds begin to swell. 

6. The wash apparently does not injure apple, pear, peach and 
plum trees (the varieties included in the experiments), the only 
effect being to delay the foliage about a week. 
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7. All things taken into consideration, the lime-sulphur-salt 
wash promises to be a highly efficient wash for the treatment of 
trees infested with the San José scale under eastern conditions. 
It appears to be safe and reliable and is comparatively cheap. 
Should these indications be borne out by future experience a 
cheap and comparatively easy method of controlling the scale 
will be assured. In case, also, that it is found that the wash 
can be successfully made without delay and expense of boiling 
it will add materially to its practical value. It must not be 
expected, however, that the scale will be exterminated even by 
thorough treatment, but it may be held in check sufficiently to 
prevent important injury. 
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VARIETY TEST OF STRAWBERRIES.* 





O. M. TAytor. 





SUMMARY. ; 

The late frosts and cool moist weather doubtless modified the 
yield of many varieties of strawberries in the Station plats in 
1902. Their relative productiveness might therefore be some- 
what different in a normal season. 

The most productive varieties were: Crescent, Riehl No. 29, 
Monitor, Manokin, Beder Wood, Howard No. 2, and Riehl No. 
26, ranking in the order named. 

Before growing any new variety extensively, it is best to try a 
few plants only. Among the newer varieties worthy of trial are: 
Bennett, Henry, Joe, Kansas, Monitor, Prof. Fisher, Riehl No. 26, 
Riehl No. 31 and Rough Rider. Marshall and Sample, though 
not new in some localities, could also be added to this list. All 
of these kinds except Bennett and Henry maintained their size 
to the close of the picking season. 

Beder Wood and Crescent gave the largest early yield. John- 
son Late was the latest variety to ripen. It lacks in color and 
firmness. At the last picking, Nettie gave larger berries than 
any other variety. Monitor has many desirable features, but 
lacks somewhat in firmness and quality. Prof. Fisher should 
be planted closer than other varieties, because it makes very few 
runners. Henry and Sample should be sprayed, because they are 
subject to leaf blight, commonly called “ rust.” 


INTRODUCTION. 
In this bulletin are reported tests of some of the recent intro- 
ductions in strawberries, and of a few standard sorts for com- 
parison. In the case of most of the varieties the plants were 





*A reprint of Bulletin No. 218. 


352 ReEporRT OF THE HORTICULTURAL DEPARTMENT OF THB 


obtained directly from the originator or introducer in order to be 
the more certain of having them true to name. In other cases 
the plants were taken from the Station beds and were of estab- 
lished identity. 

The fact that no variety does equally well on all soils and in 
all localities should be borne in mind when using this bulletin. 
The notes which follow simply indicate the behavior of the dif- 
ferent varieties on our soil and under our local conditions. 
Under different conditions some of the varieties would be better. 
Nevertheless the results obtained with a variety here may be 
taken in a general way as an index to its value elsewhere, and 
the success of a variety here certainly would warrant giving it a 
place in trial grounds in other localities. 


NOTES ON TEST. 

The plants used in these tests were all set in the spring of 1901. 
The soil on which the tests were made is a rather heavy clay 
loam, well tile-drained and sloping slightly towards the south. 
During the season of 1900 a crop of corn was grown on this 
land. Early the following spring it received an application of 
barnyard manure and was plowed and thoroughly fitted for 
strawberries. Ten plants of each of the varieties tested were set 
May 16 and 17 in rows three and one-half feet apart. The plants 
were two feet apart in the row. J uring the season they were 
cultivated and hoed as occasion required. The blossom clusters 
were kept picked off, but no runners were removed. This was 
for the purpose of comparing the different varieties with regard 
to the number of runners produced. As the runners spread into 
the space between the rows the cultivator was narrowed to avoid 
breaking them. About the middle of July an application of acid 
phosphate at the rate of 825 pounds per acre was broadcasted 
over the rows and during the last half of September an applica- 
tion of wood ashes was given at the rate of 780 pounds per acre. 

Karly in December, when the ground was frozen, the bed was 
covered to a depth of three or four inches with clean wheat straw. 
On the approach of warm weather the following spring, the 
covering was shaken up and a portion removed from directly over 
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the plants and placed between the rows. In about three weeks 
the straw remaining over the rows was again shaken up and part 
of it was removed to prevent smothering the plants, leaving 
enough, however, to keep the berries clean at fruiting time. Dur- 
ing the spring the beds were weeded twice. 

The plants came through the winter in excellent condition and 
gave promise of a full crop. Shortly before blooming time, sey- 
eral light frosts or freezes followed each other in rapid succes- 
Sion, seriously injuring some of the varieties and even killing 
fruit buds protected by two or three inches of straw. Had this 
not occurred, the yield of some of the varieties would doubtless 
have been greater. Not only was the injury apparent in the dead 
and blackened centers after the buds opened, but it could also be — 
seen by an examination of the unopened buds. By cutting into 
them the discoloration of the injured centers could be seen, show- 
ing all gradations of injury. Not only were the pistils dead, but 
in many cases the injury extended to the stamens, as was indi- 
cated by their changing in color to a light brown. The petals 
however appeared to be uninjured even in the unopened buds. 
The buds. opened as usual and to the casual observer appeared to 
give promise of a full crop, though in fact no fruit was set. The 
accompanying illustration shows injured (1) and uninjured blos- 
soms (2). 

Just before the blossoms opened all varieties were sprayed 
thoroughly with Bordeaux mixture. This tended to reduce the 
amount of leaf blight, commonly called “rust.” Some varieties 
were evidently much more subject to this disease than others, and 
were more or less injured by it, notwithstanding the treatment. 

Before and during the fruiting season there was an abundance 
of rain, as shown by the following table, which gives the maxi- 
mum and minimum temperatures and the rainfall for the months 
of April, May, June and July, 1902. - At no time were the plants 
suffering from lack of moisture. For this reason some varieties 
doubtless gave greater yields and larger berries than they would 
have produced in a season of less rainfall. 

23 
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TABLE I.—ReEcorD oF TEMPERATURE AND RAINFALL FOR APRIL, MAY, JUNE 
AND JULY, 1902. 
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YIELDS AND VARIETIES. 


The following table gives for each variety under test the date 
of coming into bloom, date of first and last pickings and total 
yield in ounces. As indicated in this table, the yield varied from 
422 ounces with the most productive variety, to 44 ounces with 
the least productive variety. While with many varieties the yield 
was greatly reduced through frost injury to the blossoms, with 
others there was an abundant crop in spite of the late freezes. 
The wide range in productiveness shown by the different varieties 
in this test is a good example of the great difference in varieties 
in their ability to withstand unfavorable conditions. 
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TABLE JI.—SEASON AND YIELD OF STRAWBERRY VARIETIES. 


VARIETY. 
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Date of 
coming in 
bloom. 


May 21 
21 
24 
21 
21 
21 
24 
24 
30 
21 
21 
24 
24 
21 
21 
24 
26 
24 
24 
26 
26 
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24 
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21 
24 
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last 
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July 17 
17 
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Yield 
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Ounces. 
422 
419 
394 


292 


266 
265 
259 
237 
229 
223 
219 
218 
213 
206 


204 
201 
200 
188 
188 
187 
187 
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None of the very early varieties were included in this test. 
Among those which were tested were some which may be called 
medium early. These are named in the following list: 


Beder Wood, 
Belmont Seedling, 
Carrie Silvers, 
Crescent, 
Glenwood. 


Minute Man, 

Nedmac No. 1, 
Riehl No. 26, 
Riehl No. 29, 
Riehl No. 30. 


Of these varieties, Belmont Seedling and Nedmac No. 1 are not 


considered worthy of further trial. 


Beder Wood and Crescent 


are well known. Glenwcod is attractive in color and good in 
quality, but the foliage blights considerably. Riehl No. 29 and 
Riehl No. 30 not only lack in uniformity of size and shape but 


their color is not attractive. 


Carrie Silvers, Minute Man and 


Riehi No. 26 maintained their size throughout the season. They 


ranked good in quality. 


Owing to the cool, wet weather, the picking season was some- 


what later than usual. 


yields up to the last picking. 


Some of the varieties gave excellent 
Those which ripened the bulk of 


their crop during the latter half of the fruiting season may be con- 


sidered as late varieties. 


Brandywine, 
Elma, 
Johnson Late, 
Mrs. Fisher, 


Nettie, 
Prof. Fisher, 
Robbie, 
Rough Rider, 


With some varieties the picking season was considerably longer 
than with others. Among those ripening throughout a long 


period are: 
Beder Wood, 
Crescent, 
Glenwood, 
Howard No. 2, 
Manokin, 
Minute Man, 


Monitor, | 

Riehl No. 26, 
Riehl No. 29, 
Riehl No. 82, 
Rough Rider. 


i te 
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DESCRIPTION OF VARIETIES. 


In the following notes the pistillate or imperfect varieties are 
indicated by the letters Imp., and staminate or perfect flowering 
varieties by the letters Per., following the name. Unnamed 
varieties are printed in italics. An italicized statement of the 
source of the plants follows each name. 


Armstrong Favorite, Per. From Station beds. Medium to very 
large, irregular wedge-shaped, light to dark scarlet, nearly soft. 
Not equal to standard varieties. 

Almond, Per. From J. H. Black, Son & Co., Hightstown, N. J. 
Medium, roundish, scarlet. Holds its size well in later pickings. 

Auto, Per. From Slaymaker & Son, Dover, Del. Medium to 
very large, conical, sometimes necked; attractive scarlet when 
fully ripe; flesh rather pale scarlet, rather firm, moderately juicy, 
mild, fair to good. Vigorous, moderately productive, runners 
abundant. Holds its size fairly well in late pickings. Lack of 
uniformity in size and shape are undesirable features. Many 
blossoms were killed by frost. 

Babcock No. 4, Per. From Station beds. Medium to large, 
conical, light scarlet; flesh light colored, good. Vigorous, moder- 
ately productive. Fruit averages medium size in late pickings. 

Beder Wood, Per. From Birdseye & Son, Stanley, N. Y. Above 
medium, dropping to below medium as the ripening season 
advances, conical, light scarlet. This well-known variety is not 
equal in color or quality to some of the standard varieties, but is 
usually more productive, and is rather early. 

Belmont Seedling, Imp. From W. O. Walrath, Lycoming, N. Y. 
Small to medium, unattractive dull scarlet, poor. Seeds in deep 
pits. No better than a wilding. 

Bennett, Imp. From M. Crawford, Cuyahoga Falls, O. Above 
or below medium according to advance of ripening Season, wedge- 

.Shaped, rather dark, attractive scarlet, moderately firm, nearly 
sweet, juicy, good. Productive. Vigorous, runners moderately 
numerous. 

Brandywine, Per. From Station beds. This well-known variety 
is not so uniform in shape and does not average so large in size 
here as in many other localities. 
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Carrie Silvers, Imp. From J. H. Black, Son & Co., Hightstown, 
NV. J. Medium to very large, quite irregular, attractive scarlet; 
flesh good scarlet, good. It retains its size well in later pickings 
and becomes more uniform in shape. 

Corsican, Per. From. Green’s Nursery Co., Rochester, N. Ms 
Large, irregular, light to dark crimson, not juicy; calyx often dull 
ereen, detracting from appearance. As fruited this season it is 
not a promising variety. 

Crescent, Imp. From Birdseye & Son, Stanley, N. Y. This 
variety is too well known to need comment. It was the most 
productive and one of the earliest sorts in our collection this 
season. 


Elma, Imp. From J. H. Black, Son & Co., Hightstown, N. J. 
Above medium, wedge-shaped, rather dull, unattractive scarlet; 
seeds deeply set; flesh rather light-colored at center. Not a 
promising variety. 

Glenwood, Per. From Station beds. Above medium, irregu- 
larly wedge-shaped; attractive, glossy dark scarlet; flesh dark 
scarlet, moderately firm, sweet, good. Fairly productive. Prob- 
ably not firm enough to be a good shipper. 

Ham, Per. From J. H. Black, Son & Co., Hightstown, N. J. 
Large, decidedly wedge-shaped, very dark crimson, firm. Seeds 
quite prominent. Holds size well in late pickings. Too dark in 
color for some markets. 

Hazel, Imp. From J. H. Black, Son & Co., Hightstown, N. J. 
Above medium, decreasing in size later in ripening season, vari- 
able in shape, almost too light a scarlet, rather soft, good. 

Henry, Per. FromJ.0O. Wadsworth, Walcott, N. Y. A chance 
seedling known locally as “Henry.” This is not the variety 
already quite widely known under this name. Medium to large, 
roundish, rather dark attractive scarlet; flesh deep crimson, 
nearly firm, juicy, good to very good. Vigorous, productive. 
Runners abundant. Decreases in size in later pickings. Worthy 
of testing when large size is not a primary consideration. 

Howard, Per. From J. H. Black, Son & Co., Hightstown, N. J. 
Medium to large, conical, rather light scarlet, firm, good. Irreg- 
ular in development of apex, thus often making the fruit appear 
seedy. Vigorous, productive, runners abundant. 
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Howard No. 2, Imp. From G. W. Howard, Stevensville, Mich. 
Large to very large, conical, attractive light scarlet. Very pro- 
ductive, but cannot be recommended because it lacks in quality 
and firmness. 


Hunt No.1, Per. From Station beds. Irregular, light searlet. 
The color of the fruit is too pale and the foliage too weak to make 
this a promising variety. 

Jessie, Per. From Birdseye & Son, Stanley, N. Y. Large to 
very large, light to dark scarlet, fine aroma. With us this variety 
is only moderately productive, but does much better on some 
other soils. 

Jim, Imp. From J. H. Black, Son & Co., Hightstown, N. J. 
Medium to large, wedge-shaped, rather light scarlet, rather soft, 
good. 

Joe, Per. From J. H. Black, Son & Co., Hightstown, N. J. 
Large to very large, irregularly wedge-shaped, attractive dark 
scarlet, moderately firm and juicy, good. Vigorous, remarkably 
free from leaf-blight, moderately productive. Runners moder- 
ately numerous. Ranks high in size. 

Johnson Late, Imp. From Station beds. Large, conical, very 
light scarlet, soft; flesh almost white, good. Not very produc- 
tive. During all the years in which Johnson Late has been 
grown at this Station it has always been the latest variety in the 
collection to ripen its fruit. 


Kansas, Imp. From W. F. Allen, Salisbury, Md. Medium to 
very large, wedge-shaped and in early pickings roughly furrowed, 
attractive dark scarlet, firm, juicy, good. Vigorous, remarkably 
free from leaf-blight, quite productive, runners numerous. The 
fruit retains its size throughout the season and at the same time 
‘gains in uniformity of shape. 


Lehman No. 1, Per. From Station beds. Medium to large, 
wedge-shaped, scarlet, firm, good. Seeds rather prominent and 
noticeably yellow. Size and shape lack uniformity. Not equal 
to some of the best varieties. 

Leon, Imp. From J. H. Black, Son & Co., Hightstown, N. J. 
Above medium to large, oval, light scarlet, rather poor quality. 
A poor producer. Not a promising variety. 
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Manokin, Imp. From Slaymaker & Son, Dover, Del. Medium 
to large, wedge-shaped, light scarlet, soft, juicy, fair. Vigorous, 
very productive. The fruit is easily bruised and does not retain 
its size in later pickings. 

Marshall, Per. From Ellwanger & Barry, Rochester, N. Y. 
This is one of the best varieties but does not succeed in all soils. 
It ranks low in productiveness this year on account of having 
been severely injured by frost. It is worthy of a trial where it 
has not already been tested. 

Maximus, Per. From Station beds. Below medium to large, 
often furrowed, light to dull dark scarlet, firm. Blossoms were 
severely injured by frost. Not a promising variety. 

Miller, Per. From M. Crawford, Cuyahoga Falls, O. Medium 
to large, conical, attractive light scarlet, flesh nearly white, soft, 
fair to good. Vigorous, productive. Foliage considerably blighted. 

Minute Man, Imp. From Geo. I’. Wheeler, Concord, Mass. 
Above medium to large, wedge-shaped to conical, attractive light 
scarlet, soft, good. Retains its size well in later pickings. 

Monitor, Per. From Z. T. Russell, Carthage, Mo. Above 
medium to large, wedge-shaped, pale scarlet; flesh whitish at 
center, firm, juicy, fair to good. Very productive. Runners very 
numerous. The fruit retains its size in later pickings and is re- 
markably uniform in size and shape. For local markets where 
firmness and quality are not prime requisites, this variety ap- 
pears desirable. 

Mrs. Fisher, Imp. From J. H. Black, Son & Co., Hightstown, 
_N. J. Large to very large, decidedly wedge-shaped, attractive 
light scarlet. The size is unusually good for a light berry. 
Moderately productive. 

Nedmuc No. 1. Imp. From T. M. Chambers, Camden, N. Y. 
Small to medium, roundish, scarlet, firm, good. Productive. 
As fruited here the berries are too small to be valuable as a coin- 
mercial variety. . 

Nettie, Imp. Irom J. H. Black, Son & Co., Hightstown, N. J. 
Above medium to very large, wedge-shaped or oval, sometimes 
hollow at the center, rather light scarlet, nearly firm; flesh good 
color, juicy, good. Vigorous, productive. This is one of the 
largest of the late varieties. 
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New York, Per. From W. F. Allen, Salisbury, Md. Below 
medium to jiarge, wedge-shaped, light to dark scarlet. Very un- 
productive. The fruiting period was short this year. 

Nina, Per. From J. H. Black, Son & Co., Hightstown, N. J. 
Medium to large, irregular, attractive scarlet. Not productive; 
severely injured by leaf blight. The hull has a tendency to pull 
off easily and on this account the fruit would not keep well. 

Oliver, Per. From J. H. Black, Son & Co., Hightstown, N. J. 
Varies from small to large, berries with hard green tips, conical, 
dark searlet, very unpreductive. Blossoms were seriously in- 
jured by frost. 

Prof. Fisher, Per. From J. H. Black, Son & Co., Hightstown, 
N. J.. Above medium to very large, usually wedge-shaped but 
not uniform, attractive scarlet, flesh good color, good. Retains 
its size as the ripening season advances. Vigorous, moderately 
productive; runners very few. On account of this last fact this 
variety should be planted closer than most others. 

Reba, Imp. From J. H. Black, Son & Co., Hightstown, N. J. 
Above medium to large, bluntly wedge-shaped, attractive scarlet. 
Very unproductive and too soft to ship far. 


Riehl No. 25, Per. From Station beds. Large, wedge-shaped, 
dark scarlet, good. Moderately productive. Retains size well 
in iater pickings. The color is rather too dull and dark to be 
attractive. 


Riehl No. 26, Per. From Station beds. Medium to large, 
irregularly heart-shaped, crimson, rather firm, moderately juicy, 
subacid, good. Vigorous, very productive, runners numerous. 
Retains its size as the ripening season advances and is attractive 
in appearance. Promising. 

Riehl No. 27, Per. From Station beds. Medium to very large, 
roundish, usually very dark and often dull scarlet, soft, good. 
Productive. Does not retain size in later pickings. 

Riehl No. 28, Per. From Station beds. Above medium to very 
large, irregularly conical, attractive scarlet, flesh good scarlet, 
moderately firm. Moderately vigorous. Not very productive 
this season but desirable in size, shape and color. It retains its 
size in later pickings. 
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Riehl No. 29, Per. From Station beds. Medium to large, 
irregular, with the berries often divided by deep furrows into two 
or three segments, light scarlet, moderately firm, subacid, good. 
With one exception the most productive variety tested this 
season. Foliage light green, moderately vigorous. Runners 
numerous. While some specimens of fruit have good color many 
are too light to present an attractive appearance. Does not re- 
tain its size in later pickings. 

Riehl No. 30, Per. From Station beds. Medium to large, con- 
ical, rather dull scarlet, moderately firm, good. Not productive 
this season, partly at least because many blossoms were killed by 
frost. Fruits are irreguiar in size and the color is not very 
attractive. 

Riehl No. 31, Per. From Station beds. large, conical, attrac- 
tive dark scarlet, firm, very good. Productive. Vigorous; run- 
ners moderately numerous. Oue of the best in quality of Riehl’s 
seedlings. Retains its size in later pickings. Worthy of trial 
where a dark berry is desirable. 

Riehl No. 32, Per. From Station beds. Medium to very large, 
conical or irregular, good glossy scarlet, moderately firm, sweet, 
juicy, good. Moderately vigorous, not very healthy, productive. 
Some berries show a tendency to green tips. 

Robbie, Per. From J. H. Black, Son & Co., Hightstown, N. J. 
Above medium to large, conical or wedge-shaped, with a tendency 
to green tips, rather light scarlet, tlesh pale scarlet, firm. Not 
productive. A late variety. 

Rough Rider, Per. From L. J. Farmer, Pulaski, N. Y. Above 
medium, conical, bright attractive scarlet, firm, fair to good. 
Quite productive. Foliage vigorous. Runners moderately 
numerous. Appears promising as a late berry. Fruit is sym- 
metrical and retains its size during the season. 

Salem, Per. From B. M. Smith, Beverly, Mass. Below medium 
to large, irregular, rough, attractive deep scarlet, soft. Foliage 
not vigorous, pale green, low, exposing fruit considerably to the 
sun. Productive. Not equal to standard varieties. 


Sample, Imp. From C. 8. Pratt, Reading, Mass. Above medium 
to large, conical, attractive bright scarlet, moderately firm, fair. 
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Moderately vigorous, considerably injured by leaf-blight, pro- 
ductive. Runners moderately numerous. Retains size in later 
pickings. This variety is highly recommended in some localities 
on account of productiveness, attractive size and color and 
length of ripening period. 

Sampson, Per. Fyrom M. Crawford, Cuyahoga Falls, O. Medium 
to very large, irregular, sometimes necked, rather unattractive 
light scarlet, flesh, light in color. Not equal to standard 
varieties. 

Sharpless, Per. From Birdseye & Son, Stanley, N. Y. This 
well-known variety does not do so well in this locality as in many 
others. 

Stella, Imp. From J. H. Black, Son & Co., Hightstown, N. J. 
Above medium to very large, mostly wedge-shaped, attractive 
scarlet, soft, fair. Retains size in later pickings. A large berry, 
but lacks in firmness and quality. | 

Wm. Belt, Per. From M. Crawford, Cuyahoga Falls, O. Very 
large, wedge-shaped, firm. Vigorous and productive, but severely 
attacked by leaf-blight. Does not do so well here as in many 
other localities. 
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SUMMARY. 


I. POTENCY OF POLLEN OF SELF-STERILE GRAPES. 

In previous experiments varieties of grapes which are self- 
sterile or nearly so have shown about as little ability to fertilize 
other self-sterile sorts as they have for fertilizing themselves. 
In the tests here reported they have usually likewise failed to 
fertilize self-fertile varieties. Indications are seen, however, 
that the pollen in some instances is not altogether impotent but 
that its own pistils are less congenital than those of some other 
varieties. Further investigation is needed to learn whether or 
not this self-sterility arises because the pollen is deficient in 
amount, or is not well developed, or is uncongenial to its own 
variety. 


II. INFLUENCE ON SELF-FERTILITY OF GIRDLING OR BENDING 
THE FRUITING CANES BEFORE THE BLOOMING SEASON. 

Girdling or bending sharply the fruiting canes of imperfectly 
self-fertile or self-sterile grapes before their blossoms open in 
some cases has stimulated them to increased productiveness. 
In other cases it has not. 

Further tests are needed to learn whether such practice may 
under any circumstances be profitably followed with any Amer- 
ican varieties in commercial vineyards. 


* A reprint of Bulletin No. 223. 
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INTRODUCTION. 


Many kinds of cultivated grapes have been found to be more 
or less self-sterile. They either utterly fail to fruit or produce 
imperfect clusters when the vines are planted by themselves; 
but they may fruit abundantly when grown near enough to 
other varieties to secure cross-pollination. This is demonstrated 
in previously reported investigations which are summarized in 
Bulletin No. 157.1 From other experiments it appears that the 
degree of self-fertility of a variety is a very good indication of 
its efficiency in fertilizing self-sterile kinds of grapes. So far as 
they have been tried, the self-sterile kinds are usually no more 
capable of fertilizing other self-sterile kinds than they are of set- 
ting fruit themselves, but when pollen of strongly self-fertile 
kinds has been used on the self-sterile grapes an abundance of 
perfect fruit has generally developed. In such cases it is evident 
that the lack of fertility cannot be attributed to imperfection of 
the pistils. If these were imperfect no fruit would develop from 
them under any circumstances. The experiments just referred 
to are fully set forth in Bulletin No. 169.2, Observations made 
in 1892 and in various succeeding years show that self-sterile 
varieties do produce pollen? The question then arises: Is such 
pollen altogether impotent? Is it as incapable of causing the 
fertilization of self-fertile as it is of self-sterile grapes? The 
experiments reported on the following pages were undertaken 
to get more information on this subject. The work was carried 
on with the efficient help of Mr. Heinrich Hasselbring and Mr. 
O. M. Taylor in 1901. Mr. Taylor also assisted in the work of 
1902. At the same time the influence on self-fertility of check- 
ing the flow of sap, either by girdling or by twisting and bending 
the cane between the trunk of the vine and the fruit buds, was 


investigated. The report of this work is given in Part II of this 
bulletin. 


1Reprinted in Annual Report of this Station for 1898: 518-563. 

2Reprinted in Annual Report of this Station for 1899: 361-397. 

3Notes on Self-Pollination of the Grape. Proc. A.A.A.S. 1892. Gard. ana For., 1892: 
451-452. Annual Reports of this Station 1892: 597-606, and 1894: 642-643; also other 
unpublished observations. 
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In addition to these experiments a study of grape pollen was 
carried on in the laboratory in 1902, by Professor N. O. Booth. 
The results will appear in Bulletin No. 224. 


I. POTENCY OF THE POLLEN OF SELF-STERILE 
GRAPES. 
LOCATION OF EXPERIMENTS. 

Most of the tests here reported were carried on in the vine- 
yard of Mr. E. C. Gillett, Penn Yan, N. Y. It is a pleasure to 
acknowledge Mr. Gillett’s uniform courtesy and cordial co-op- 
eration in this work. A few of the tests were made on vines in 
the Experiment Station vineyards. 


METHODS OF WORK. 

In all cases the vines selected for the tests were apparently 
in good productive condition. They were similarly treated so 
far as spraying to prevent the attacks of fungous diseases was 
concerned; they were also similarly pruned, trained and culti- 
vated. The plan which was followed was to castrate certain 
self-fertile varieties before their blossoms opened, and then to 
apply to them the pollen taken from certain self-sterile or 
imperfectly self-fertile sorts. In order to prevent the access of 
other pollen than that desired, the clusters to be pollinated were 
covered with manilla paper bags! as soon as they were castrated, 
and thereafter kept thus covered except during the operation 
of cross-pollinating them. The clusters selected to supply the 
pollen for the experiment were likewise bagged before blooming 
to prevent admixture of foreign pollen. They were kept in these 
bags till used. 


Castration.— The metheds of operating in castrating the buds 
were varied according to the condition of the buds when the 
work was performed. When the operation is delayed till the 
buds are opening or about to open there is danger that some 
stigmas may accidentally become self-pollinated during the 


1'The bagging was done according to the method shown in Bulletin No. 157:401; also in 
Annual Report of this Station for 1898 :521. 
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process of castration. It was, doubiless, under such conditions 
that the self-pollinations occurred which resulted in the 
development of the few fruits mentioned in the list of check cas- 
trations. See Table I. But if, on the other hand, the buds are 
castrated too early they may fail to develop further and die 
before fertilization is accomplished. 

In some cases the cap and anthers were removed by means 
either of pliers or scapel. This method is well adopted to meet 
the conditions for successful operation when buds are about to 
open. In most cases, however, the operation was performed at 
an earlier stage in the development of the bud, and the cap and 
anthers were removed by pinching them between thumb and 
finger. By this method the work could be done more rapidly 
than by the use of tools. If the bud can be operated on at the 
most favorable stage in its development, usually the cap, with 
anthers inclosed, may be readily pulled off with one movement 
of thumb and finger without either injuring the pistil or self- 
pollinating it. In doing this the end of the cap is pinched either 
between finger and thumb or between finger and thumb-nail. 
As a check upon this method of castration, many clusters after 
being thus operated upon were immediately inclosed in paper 
bags without being cross-pollinated, and were kept covered till 
the blooming season had passed. Any fruit which developed on 
these clusters must have resulted from accidental self-pollination 
during the operation of castrating the blossom buds. The fol- 
lowing is a list of the check castrations referred to with a state- 
ment of the number of fruits produced. 
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TABLE I:— CHECK CASTRATIONS. 











Number of | Number of | Average’ 
NAME OF VINE. elusters | fruits fruits per 
castrated. developed. cluster. 
Gillett ned. seedling: } . olarak .OF. 1iaT. YA + 20 dana 
CACO RS. 8 hic re cae ne tds ha ee enn 8 0 
Beacons... oes ey iee ati nee eee 1 5 0.56 
ACA oN, Oe Be Ce ee pee Ces, See: 1 0 0. 
Concord D Rnien es SOTENS eas’ etal sh aie eae hake eh CERT E Le ener atten 19 0 ) 0 15 
Coucord: .ootimibe. tov awiphoddons. eh 1 34 ve 
Disiiong a0. <a cart ee chet 0 ane RE Ee tod 15 0 
Diambhid (24%) CMAG ROH eit Lee, 7 6 0, a¢° 
bl AFL LOT 4 Bick on anaienees ce ate mike tests oe 1 0 0.. 
INIGZEIS Ce Te eS eS ee ert e er 13 0 0. 
Pocklmegtoni+. fun. tt 20) 10. tone 6 0) 0 
Wroruen. rere tore eee. phe ga 12 8 f rate 
Worden SAT EE RTI OR | MAS ALA as 4 8 0.5 
CRO gt wet dali bank th Rete 4 be : 86 42 Sa 








Taking all clusters into account, the average number of fruits 
produced per cluster was 0.49. Estimating the number of cas- 
trated blossoms per cluster at 50, it appears that less than 1 per 
ct. of the castrated blossoms developed into fruit. The method 
of castrating the grape with thumb and finger, if used with care, 
is well adapted for an experiment like the one under considera- 
tion. In this case so many blossoms were included in the tests 
that the general results may be accepted as giving a reliable 
indication of the potency of the pollen tested. In considering the 
results of the experiments, the fact should not be lost sight of 
that nearly 1 per ct. of the check castrations developed ols 
from accidental self-pollination. 

After castration the clusters were iriiediatete inclosed in 
paper bags, which were closed with a wired label. This cover- 
ing was not removed again till the operation of cross-pollination 
was undertaken. 

Pollination.—When the varieties which had been chosen to fur- 
nish the supply of pollen came into bloom the covered clusters 
were cut off and, without removing them from the bag, were 
taken to the castrated clusters which were to be eross-pollin- 
ated. The stigmatic surfaces of the latter were then touched 
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with the open anthers of the former. The pollen-bearing cluster 
was also shaken against the castrated blossoms; finally, after 
being cross-pollinated thus, the cluster was usually covered 
with the bag which had contained the pollen-bearing cluster. 
After being closed with a wired label this bag was then shaken 
so that loose pollen, if it should contain any, might perchance 
alight upon some stigmatic surface. | : 

In these experiments the operation of cross-pollination was 
performed but once for each cluster. Whenever at the time of 
this operation a considerable percentage of the stigmas appeared 
not to be in good receptive condition note was made of this fact. 
This sometimes occurred when the pollen-bearing blossoms 
opened later than those which were to be cross-pollinated from 
them. When the conditions were reversed, and the blooming 
season of the pollen-bearing cluster was in advance of that of 
the variety to be cross-pollinated, the process of cross-pollination 
was, nevertheless, performed as above described. It is known 
that grape pollen may retain its vitality for days. 

Labeling.— On the label was written the particular number by 
which the cluster was designated in the experiment records, the 
name of the variety and the name of the pollen-bearing variety. 
The name of the mother plant was always written first, followed 
by x and the name of the variety with which it was cross- 
pollinated. Thus, “9471 Concord x Lindley ” indicated a par- 
ticular cluster of Concord, which, after being castrated, was 
cross-pollinated with Lindley pollen. 


VARIETIES UNDER EXPERIMENT. 


Self-sterile pollen! was tried upon the five strongly self-fertile 
varieties—Concord, Delaware, Diamond, Niagara and Worden— 
and also upon Vergennes, which is often less strongly self- 
fertile.2 The list of varieties selected to furnish pollen for the 
tests is given below. ‘In previous tests these varieties have 





1Throughout this discussion ‘‘self-sterile pollen’’-denotes pollen produced by self-sterile 
varieties; ‘‘imperfectly self-fertile pollen” and ‘‘self-fertile pollen” have corresponding sig- 
nificance. 

2The standing of Vergennes, as to self-fertility, is given on pages 370 and 372. 
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proved very nearly or quite self-sterile. They are Black Eagle, 
Brighton, Eldorado, Herbert, Lindley, Merrimack and Salem. 
The results of applying the self-sterile pollen obtained from, 
these varieties to the stigmas of castrated self-fertile kinds are 
summarized in Table II. For better understanding of the 
tabulated results, the following facts relative to the degree of 
self-fertility of certain varieties should be noted. 

In most cases Brighton clusters utterly fail to develop fruit 
except when cross-pollinated. In rare instances self-pollinated 
clusters have produced a little fruit. The fruit thus produced 
is generally small and seedless, as illustrated in Bulletin No. 
157, Plate III, Fig. 1, and in the Annual Report of the Station 
for 1898, Plate LI, Fig. 1. 

With one exception, all clusters of Lindley which we have 
tested for self-fertility have been completely self-sterile. The 
single exception, consisting of one cluster which bore four ber- 
ries, falls within the limits of error in testing self-fertility. 
Lindley, therefore, may be called practically self-sterile, if not 
absolutely so. 

Merrimack pollen was applied to some castrated blossoms of 
Gillet red seedling, while other castrated blossoms of the same 
kind were not hand pollinated at all. In both cases some fruit 
was produced, and therefore it is not certain that the Merri- 
mack pollen was potent. See Table I and Table IT. 

Vergennes must be classed among the imperfectly self-fertile 
varieties, but yet it is sufficiently self-fertile to sometimes pro- 
duce marketable clusters when self-pollinated only. In many 
cases, however, its clusters of self-fertilized fruit are too loose 
and unsymmetrical to be marketable. The influence of the con- 
dition of the vine, location of the vineyard and character of the 
season on the development of the self-pollinated clusters is not 
well understood; but it has been observed that in the same vine- 
yards in some seasons the self-pollinated Vergennes clusters 
have been better developed than in others; also in the same 
season better self-pollinated clusters have been obtained in one 
vineyard than in others. 


1The Gillett red seedling is an unnamed seedling growing in Mr. Gillett’s vireyard. 
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In the table all varieties in the column headed “ Variety 
cross-pollinated ” were castrated, except in those cases where 
self-sterile kinds had pollen of the same varieties used upon 
them. The rank of the various varieties as to self-fertility is 
either explained in the notes just given or is indicated in the 
table, under ‘“ Remarks.” ; 
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In addition to the tests above described a few others were 
made, using more careful methods to insure both perfect castra- 
tion without either injury to the pistil or self-pollination of it, 
and also an abundant application of the pollen used in cross- 
pollination. On June 28 unopened buds of Black Eagle were 
covered with manilla bags to prevent the access of foreign 
pollen. On June 29 they had begun to open. The whole cluster, 
without being removed from the bag, was cut from the vine and 
taken to the laboratory, where the anthers were removed, put 
into a wide, short test tube and shaken till the bottom of the 
tube was well covered with pollen. A cluster of Bailey, in 
which the buds were nearly ready to open, was then selected. 
Part of the buds were cut out and the rest, 24 in number, were 
very carefully castrated by means of pliers and scalpel. Both 
the tools and the fingers were repeatedly dipped into strong 
alcohol during the operation, to prevent accidental self-pollina- 
tion. Any bud in which any dehiscence of the anther appeared 
was at once discarded. After castration the cluster was 
pushed into the tube as far as the tube would contain it and 
the naked stigmas brushed against the sides and bottom, which 
were covered with the Black Eagle pollen. Additional pollen 
was then applied to each pistil by means of a camel’s-hair brush. 
Finally the cluster was inclosed in a manilla paper bag to pre- 
vent the access of other pollen. In a corresponding way other 
crosses were made. The name of the parents and the number - 
of pistils treated are shown in the following list: 
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TABLE IILI.— SrRoNGLY SELF-FERTILE VARIETIES CROSS-POLLINATED 
WitrH VARIETIES NEARLY OR QUITE SHLEF-STERILE. SECOND 
METHOD. 














n © @ | No. or Frurrs 
| os 2@| DEVELOPED. 
Variety CAsTRATED AND Sem be mote oe tee 
CROSS-POLLINATED. VARIETY FURNISHING POLLEN. | = gas ane 
Salta] 8 2 
(8 | se bee 
| RS 12B'S [Aeiiees ty k 
DMMNMARR Gf aa |e Lg | eee pe 
Name. Class. Name. Class. 5 i = F RS 
Hopkins .| Strongly self-) Ozark......... Nearly | self-| 
fertile. sterile.....; 2 | 92 | 34 34 
Hopkins .| Strongly self-| Hexamer...... Self-sterile.... 2 | 49!15)| 2 17 
fertile. | 
Bailey. . .| Strongly self-| Black Eagle. ..| Self-sterile..... 1 | 24 | 1 1 
fertile. | | 














The fruits which developed to normal size were supplied with 
a little less than the usual number of seeds. One hundred Hop- 
kins fruits from clusters open to cross-pollination averaged 4.05 
seeds per berry; those of Hopkins x Ozark averaged 3.01, and 
Hopkins x Hexamer 3.03 seeds per berry. The single fruit of 
Bailey x Black Eagle had 3 seeds. 

In order that the results of the tests which are shown on the 
preceding pages may be compared with those obtained in using 
the pollen of self-fertile varieties upon other self-sterile varieties, 
the following table of Bulletin No. 169 is reprinted here. ‘The 
data given in that bulletin are here arranged with reference to 
the ability of each variety to fertilize itself as compared with 
its ability to fertilize the various self-sterile sorts upon which 
it was tried. 

Explanation of table-— The x between two names indicates that 
the variety following the x was used in pollifating the variety 
-whose name appears before the x. Thus, Brighton x Aminia 
indicates that the Brighton clusters were pollinated with 
Aminia pollen in the manner described on page 335 of Bulletin 
No. 169. The rating is on the scale of 100 points, as there ex- 
plained, a perfectly formed and perfectly filled cluster ranking 
100. The average rating and the number of tested clusters upon 


376 REPORT OF THE HORTICULTURAL DEPARTMENT OF THE 


which the average is based are also stated.. The highest rating — 
which any single cluster in the test received is also given. 

“Self-pollinated ” indicates that the tested clusters were 
simply kept covered in paper bags during the blooming season. 
Sometimes the self-pollination was performed by hand, pollen 
from another vine of the same kind being applied in the manner 
described in footnote 2, page 340, of Bulletin 169. Such tests 
are marked “ hand-pollinated ” in the table. 
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TapLte 1V.— CoMPARATIVE FRUITAGE WITH DIFFERENT VARIETIDS 


AMI 


BuAcK EAGLE as fertilizer: 


BBIGHTON as fertilizer: 


Cat 


oF GRAPE TRIED AS FERTILIZERS FOR SELF-STERILE SORTS. 


VARIETIES TESTED. 


NIA as fertilizer: 3 
DECC Es ret hte eee nese one tees 
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eC ee fee te ee ee te es 
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Perse ey NU re ee ee eke ert eae 
COSTS ERS aes 00 Cle Peet Alp el ae aA a AR 
EPR Ere a eria s le Oe atta tick cule wes 
ods OST 63 My del ORT ea gna, CO RE aa 
eee Le eel fas hE 8 tbe Leo me 
Puetan. x black iagles. 2... ak ewe ove es 
eee ere eT tec cee: 
COULTER ULI nc aD etal 8 aa A 
ee earner ee en ee OM 
eae AE Ate Une, Coie te. soe a Sees 
PERE LIME rte earn Se. eos eee ee 
Shep AR RSI ace gt SM AR I | 
eee RUG ee hr ee fe see ec hele cl ee 
Berea te tcc cl ress as wk cu acl ret 
Cm TAR SUTED the ye deals Ne ah Pea a 
Bele aie XOIICHLONss |) oe es be ak ta case 
co fe anata a yg 1 Poy hed OR a a 
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Joo AVE SEDs et PTE 0d Bice eee Ri aR 
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1Hand-pollinated. 
2See Bulletin 169: 349. 
3The clusters were periect or nearly so, but were not rated on the scale of 100 points. 
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Taste IV — (Continued). 


VARIETIES TESTED. 


CoLUMBIAN IMPERIAL as fertilizer: 
self-pollinated.y iiss sl vecivene. Fea tk sae 
Hercules\s Cohim elmpice ae eee ee 
CREVELING as fertilizer: 
self-pollinated Joti cas tice ccat eas rides eee 
Pel -POUMIALED Se ewes cates eee ees eG eae 
pell-polliinveditwion alc ss ea buses se ence meee 
Brighton® Creveliig. awe ae kk ee 
EATON as fertilizer: 
nelt-pollinated «is. s cp oes Sis Neca ON eens 
pell-pollinateds ) sink. dh vs acece tiny Aece cece iaimes 
Herculésx Haein sock ses cea ane wh aie 
EvLporapbo as fertilizer: 
Self-pollingted 723,25 se arneies seen a ie eee mee 
self-pollinated s)cceeisth os 055 baie eee eee 
gelf-pollinsted \>. wai.’ shes s +o tones maria diate aeeeaee 
pelf-pollubabed. sls tere vite «Gee oe ere Serene eee 
Herbert a Widorado.2.2 + 5 sae soto un ae kee 
PAVIQUEOT & BAGOTRNO Sl. «ate shan dm auhic ee cate ae 
EuMELAN as fertilizer: 
Belts DOLE ALOE 24-5 heis eae ies F cle Boe ene ee 
self-pollinated.......... ace eid urine Pace Ne Se 
Bel DOL MA REG ¢ bails <a, 5 ice nia. erintdoes pa ates eae ae an ae | 
BSL ONAL ch vculs cts ai vcr a e's oie wae ieee ope 
HERBERT as fertilizer: 
belfspolingateds. 5s e.< chs bo ay Sot tide Ww nee eet 
self-pollipated .-ite sys 2. 420k. week enna 
geli-pollinated 2 cn cscs ok ces aus ead bea 
PAlCHE SaeOTDEEG We cs ton ce ce er cae aeece | 





Brig NiOie. LLETNCEE s.. bons kis » sa neha soe eae aes 
HeERcuLgSs as fertilizer: | 
BELE-POUIMALEC si. has pitas a ance yori a tee ee 
Beli POUMIA DED oo Meee Sh a eee Fock eo oe 
peli-npllinnted:. mites wcelinn in acsite ceed. Mia eee 
SOIT YK gt ReTCULOS rem 2 oe ete ane ore ara ne 
JEFFERSON as. fertilizer: 
pell<ppllang edi’. aes. cafs hen 0s A ee a eee oe ae 
Beli-pollnia ted’ fie eycck a's + 4 eshte aie es rete 
peli-pollmated Sine bc vere tints ut eee ane 
Brignton & JChemOn ee cect a ee es eee 
LINDLEY as fertilizer: 
pell-pollGroted foi v's dcanctehiatee ce clewe eae 
pelt-ppllpased sts vise ot 1 Gor tein ve -eanci am eens 
Relf=ppllinaived vi <i \iite.s «os Merete Ot tha a taornee ° 
SEU -DOUGIA EC 45 cm iigcdy inte aca ee a ere 2 
Bidorada 7. Lindley s. 2.7 li en eres ee ele 
Herbert x. Lindley, <a. aso saeeane tart ee een eee 
Balem x LinGiey. stan na etc aeee meee ot ea eens 
Brighton x Lindley ij0sc1-s joataaer se oh eee 





Merriniagk Laney: vio ic. Mec le aienae cee 


4One good cluster well filled, but all fruits seedless. 
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TaBLeE LV —(Continued). 


VARIETIES TESTED. 


UPN PTIT AMC eR ot ee sn nw io cere s ove eee 
ee MURRELL SSS OE ot, feo at Saks s Soky dads avn seael es 
DR RUMIMR TEL UOC MR CE tet 25 als iy’ cla nimi + 5. ssn ind 
PU POORIERLOC: CBS OGL. itch BEL Aste ES wo ies | 
SmI MMICTOUN AE eb op, 5 is yhnen ald os @ pices 
PPE LORMROLCSIIID ACK. V5". Ss hs cas dealee valves 
Beare NLOITIMA CK. 852,13. gear eave She ele e< 





MO RNG WILETTIIG ACK. oh. bir lies occ a Pe Ss 5 A eke ss 


Nectar as fertilizer: 


Nira 


ROcHESTER as fertilizer: 


SALEM as fertilizer: 


STATION‘125 as fertilizer: 


STATION 146 as fertilizer: 


Pee MREH Ge TR Fos ls sey os Kags due 2 
MAO PTE gal corel ae & 50 pe 0g RE a's 
ree ON OCURE eet Gre Sia so, sky « 95 tye Sa 
GARA as fertilizer: 
perme COR AT Mo toy ib. ES ob ok 
ULSI TES 5 Bik Sk, Gy aap a ane ee | 
cele yie IRN pe a eee Oe er 
BeNOR RUG see rh, yi hve dis ony e's o's ps | 
COTM EEN Es Bee Gee a <a ee | 
MERI ee a ne nes ye 
Brighton x Niagara......... De a Sd pe ae 
LECT) CTE ay VE TLE OE RY ee er a ee ee 
eee NISRA as tine e nes wens 
DEMO MCCNIRG ATA on tt. baleen a ae Bele os 
OIG RLS AL ce hoo oy gk os win vs othe ap 
Pe IMEMNIRO REA TE I We, ates Pees es 
Pree NINE AT RSet a ooo vo ie ees 


Boliiporlmated:s!iiukt crmde. 126) Paton ius 
MN PEREINER GELS Gh Sains AE tie ay ten hese cease alas bd 
Brighton x Rochester................ ee eae 


LLL lect lalate oat at Ue 
self-pollinated.......... Wathen eel phan lel. 
CELLUIAT SEES Rae DS SCO ar eet Aw, penne | 
RAMUICPRIOMOMN SP ee Peed. er. Laere eee. 
Be Ce ASSO hee are bs Sa ie obit. oats 
phe fds 20) NE Sie) i 1 Ove th ERG Al areca ee a ra tale 
muamaiox Salerty.. ak Fs.aceea th. at Fass. 
mieiesingeks © SACI ect ae ons era Pee 


OUTLINE 221s Oe VS oy he AOE ae og Ce 
De ACIOULLZO y. .% sre scan wine. 0 ec since cass 





SIMEON IAG. Eo * , Gabe aap, sihived bm 


SraTION 156 as fertilizer: 


Beebtonix Siation dag ac cick a Wri ti cae 


VERGENNES as fertilizer: 


Bess puollinated, sit ula ile. a2 2 Se ead SH, 
PANETT eA Ee ts BOS Re aes Rene een ORO RI PAP 
oo bG NT EAA GO ayaa ar alle le res bel es ark nar a etal 
bet-poll inated Vai, ia By Fs los Gane ee Pa CL. 
self-pollinatedinia sdew vd litedien. nie dadh inet 207 
Brightons=/ Vergennes 2d ant. ban Ve corey dovn 
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_ Taste ITV —(Concluded). 




















3 2 
: 3 F: 
VARIETIES TESTED. < * ng 
3 80 S 
3 th ee 
WorpkEN as fertilizer: 
sell-pollintgted: 3.) 2e sae se eee en cee ca veeeeS 10 > ey ee 
self-pollinated |S Pics Ss Oe ec ee eee eee 9 100 100.5 
Self-pollinated -tt as. 4. ssh a cates Cate aeene aaeee 23 100 96. 
seli-pollitiateds ssh ss ci eaes ee cee ons Teck eres 20 100 94.5 
peli-poliinated S. Sr. it. ites keke sae oe caeke eee 5 90 84.0 
self-pollnated .. oi <stet tie tel sees e ee eka een 6 100 95.8 
eell-polinated sc: sos 2 ta Teka eh cutee eee et EeEe 24 100 93.7 
SCl-POLMIMNALE 5 25.4.4 PENSE S Othe EEE ES 20 100 96.9 
Black binvlex Worden... :240 ehisaseteele res 1 0 0.0 
Eldorado'x. Worden. ¢) 02222282622 s20t en 42% 5 95 65.0 
Lindleytx Worden. ..2:/ 24224 si¢eecmeeeee eee 5 100 70.0 
Brighiwon-x Worden /25. . seine ett cen s ae a eee 4 100 76.0 
Brightor sx Worden st .<¢22 Fis2pe es: cee 8 85 77.0 
Aminia"x Wordens::.. 5052225700 teeeee eres: 2 88 88.0 
Salem. x vy Ordeni=s | Poke stock ele eee ere es 5 100 89.0 
Merrimack x Worden,s2¢2< c2eSie2t ie ste tee eee 4 | 100 97.0 
Herbert. Wordey, 22622 1 irs cn tk eens see eres 5 100 97.0 
Wyomine a3 fertilizer: 
self-pallinated.'fo..... 254343. 50h 2st A Sh Oe 10 0 0.0 
pelf-polfinated: SS i ccs... sisi Siveeeus reeks tee 4 0 4 1.0 
self-polimated:. ir. sii ct 1a ta eb iatate tesa ees 13 5 ; 
pelf-nolimated: {si 452.45 tneene epee eee een 6 90 21.6 
Brighton x Wyoming «..<.254. 0924 %s. 044855 tes 6 2 0.3 
Arminia‘x" Wyoming. .< +. 4.244555 55%4555e8 See 5 20 4.0 











The results set forth in Table II show that the pollen of the 
self-sterile varieties therein named is either deficient in amount 
or lacking in potency, or both. Table IV bears similar testi- 
mony on this point. The results given in Table III show that 
some varieties which are nearly or quite self-sterile may to some 
extent fertilize certain other varieties. Occasional indications 
of this fact are also seen in Tables II and IV. The questions, 
however, are still not satisfactorily answered as to whether the 
self-sterility under investigation arises because the pollen is 
uncongenial to its own pistil, or because it is deficient in amount, 
or because it is nearly or quite impotent either upon its own or 
upon other pistils. The last-named condition seems to hold 
with Black Eagle pollen, because, as shown in Table III, even 
when it is supplied in abundance it fails to effect the fertilization 





_ § But one cluster produced fruit and that was gathered by grape pickers before it had been 
rated. Its rating was somewhere between 80 and 100, making the average between 6.1 and 7.7. - 
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of the pistil to which it is applied. The one fruit which de- 
veloped when Black Kagle pollen was tried upon Bailey easily 
falls within the limits of error for such an operation, and can- 
not be considered as proof that the fertilization was in fact 
effected by the Black Eagle pollen. But in the cases where 
Ozark and Hexamer were tried upon Hopkins, as well as in 
instances which might be selected from the tests listed in 
Tables II and IV, it appears that some varieties which, so far 
as tested, have proved self-sterile are to some extent capable 
of fertilizing other varieties. This is an indication that their 
pollen finds its own pistils less congenial than those of certain 
other varieties. It is hoped that further investigation of these 
questions may be made. 


Il. INFLUENCE ON SELF-FERTILITY OF GIRDLING OR 
BENDING THE FRUITING CANES. 


In making the tests reported in Bulletin No. 169, to determine 
whether some varieties of grapes are better than others for fer- 
tilizing self-sterile kinds, two instances were observed in which 
self-fertility seemed to be increased on canes which had been 
bent so much as to obstruct the flow of sap. These varieties 
were normally nearly self-sterile. In tying the vines upon the 
trellis some fruiting canes had been bent so sharply that the 
transfer of elaborated food from the part beyond the bend was 
necessarily checked. It was noticed that a little fruit developed 
on self-pollinated clusters borne on the distal part of such canes, 
while none or almost none was borne by corresponding clusters, 
either on other parts of the same canes or on other canes on the 
same vine. These observations suggested the question whether. 
in cases of imperfect self-fertility the fruitfulness might not be 
increased by treating the fruiting canes in some way to increase 
the supply of elaborated food available to the developing essen- 
tial organs of the blossoms. In order to gain information on 
this subject, some experiments were conducted in 1901 and 1902, - 
in which the transfer of elaborated food from the fruiting cane 
to the supporting branch or vine was checked either by girdling 
the cane just beyond its first node or by bending or twisting it 
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upon the trellis, This was done after the leaves began to 
appear but before the blossoms opened. ; 
It is hoped that other tests may be made in which the opera- 
tion of girdling or bending may be performed before the buds 
break, but this has not yet been done. After this work was 
started it was learned that ringing Zante grape vines is prac- 
tised by the Greeks to promote setting of fruit, uniformity of 
bunch and increased size of berry.! A narrow ring of bark 
1K” to 14” wide is taken from the trunk when the fruit is setting. 
In a short time the bark grows over the incision. In our own 
work a similar plan was followed so far as the ringing of the 
cane is concerned. About three weeks before the blossoms 
opened some fruiting canes of certain varieties chosen for the 
experiment were girdled by removing a ring of bark 14” to 14” 
wide between the first and second nodes. At the same time 
certain other canes on corresponding vines of the same varieties 
were either tied so as to lie horizontally upon the trellis wire 
for about one-fourth of their length, then bend sharply and 
follow the next wire in the opposite direction, or were twisted 
at about one-fourth their length by being wound twice around 
the wire as tightly as possible without breaking them. Ten 
days later the clusters had developed enough so that the work 
of covering them with manilla paper bags was done. The blos- 
soms had not yet begun to open at that time. At a suitable 
time when the blossoms were opening the clusters which were 
to be tested for self-fertility were cross-pollinated according to 
the method described on p. 273, or once, at least during the 
blooming season were shaken up thoroughly, without opening 
the bags containing them, for the purpose of mixing the pollen 
among the blossoms of the clusters. ‘Where the former method 
was followed the clusters chosen to supply the pollen were, in 
all cases, produced on eorresponding bent or girdled canes of 
the same variety, and often were borne on the same vine as 
the cross-pollinated clusters. They had been likewise inclosed 
in bags before blooming to prevent admixture of foreign pollen. 
Clusters thus treated will be hereafter referred to as “ cross- 
pollinated,” which signifies only that they were supplied with 


1Garden and Field (Australia), cited in Pac. Coast Fruit World, May 24, 1901. 
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pollen from another cluster, always of the same variety and 
produced under corresponding conditions. Clusters which were 
shaken in the bag containing them, but which were not treated 
with pollen from another cluster, will be referred to as “ close- 
pollinated,” by this term meaning that no other pollen was sup- 
plied to them but that borne in the same cluster. 

The wound made in girdling the cane usually healed readily, 
but occasionally it did not. An extreme case of failure to heal 
is illustrated in Plate XLII, Fig. 1. 

At the close of the season the fruit clusters were rated on the 
basis of 100 points for a perfectly filled cluster. This rating 
was not based upon the size of the fruit as compared with 
normal specimens, but separate notes were made as to size of 
fruit, number of seeds, if any, and other features of interest. 
The results with each variety will now be presented. 


BRIGHTON. 

Brighton is usually self-sterile, but occasionally is slightly 
self-fertile. 

On a girdled Brighton cane 5 clusters were cross-pollinated 
with pollen from other clusters on the same cane. They rated 
60, 50, 60, 0, 0 respectively. Most of the fruits were below 
normal size and seedless. Some had abortive seeds and corre- 
lated with them an increase in size over the seedless fruits. Oc- 
casionally a berry was found of normal size and with normal 
sized seeds. Only one seed in all the lot had a well-developed 
endosperm. Total number of berries, 49. Number of abortive 
seeds, 238. Fig. 2, Plate XLII, shows one of these clusters. 

On another girdled cane eight clusters were close-pollinated. 
These rated 90, 50, 0, 65, 40, 0, 0. All fruits were seedless except 
one, which had three abortive seeds. Total berries, 70. Fig. 3, 
pl. I, shows one of these clusters. 

On a bent cane five clusters were cross-pollinated with pollen 
from other clusters on the same cane. No fruit set. 

On a bent cane nine clusters were close-pollinated. No fruit 
ket. 
On a normal cane 10 clusters were close-pollinated. No fruit 
Ret. 
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CONCORD. 


Concord is strongly self-fertile. 

On a girdled cane five clusters were cross-pollinated with: 
pollen from other clusters on the same cane. They rated 98, 90, 
93, 91, 78. Fruit normal in size. Average seeds per berry, 1.42. 

On bent canes 10 clusters were cross-pollinated with pollen 
from other clusters on the same canes. These rated 88, 93, 92, 
95, 93, 90, 75, 88,75, 75. Average seeds per berry, 1.90. Fruit 
normal in size. : 

On a normal cane 5 clusters were cross-pollinated with pollen 
from other clusters on the same cane. These rated 80, 90, 98, 
90,88. Average seeds per berry, 1.72. Fruits of normal size. 


DELAWARE. 

Delaware is strongly self-fertile. 

On a girdled cane two clusters were cross-pollinated with 
pollen from other clusters on the same cane. These each rated 
100. The fruits were of normal size. Average seeds per berry, 
1.28. 

On a normal cane five clusters were cross-pollinated with 
pollen from other clusters on the same cane. These rated 100, 
92, 100, 100, 100. Number of fruits and seeds in one cluster was 
not recorded. The other four clusters averaged 1.31 seeds per 
berry. 

ELDORADO. 


In previous tests Eldorado has always been found self-sterile. 

On a girdled cane five clusters were cross-pollinated with 
pollen from other clusters on the same cane. They rated 6, 0, 
0, 0, 12. Total berries, 9. These varied from less than normal 
to very small in size. They produced only three seeds and these 
were abortive. 

On a bent cane five clusters were cross-pollinated with pollen 
from other clusters on the same cane. No fruit formed. 

On a normal cane five clusters were cross-pollinated with 
pollen from other clusters on the same cane. No fruit formed. 
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HERBERT. 


In all tests Herbert has proved completely self-sterile. 

On a broken cane six clusters, on a girdled cane six clusters, 
on a bent cane five clusters and on a normal cane six clusters 
were cross-pollinated with pollen from other clusters on the 
same respective canes. No fruit set in any case. 


NIAGARA. 

Niagara is strongly self-fertile. 

On a bent Niagara cane six clusters were close-pollinated. 
These rated 95, 85, 98, 95, 97, 90. Average seeds per berry, 1.89. 
Fruit of normal size. 

On a normal cane 10 clusters were close-pollinated. These 
rated 75, 90, 78, 92, 98, 92, 78, 93, 90, 90. Fruits were of normal 
size. Average seeds per berry, 2.17. 


SALEM. 
In all tests Salem has proved self-sterile. 


On a girdled cane 10 clusters, and on bent canes 10 clusters, 
were close-pollinated. No fruit set. 


VERGENNES, IN 1901. 


This is classed among the imperfectly self-fertile varieties. 
When self-pollinated only it sometimes produces marketable 
clusters, but in many cases the clusters under such conditions 
are too unsymmetrical and too imperfectly filled to be marketable, 

On a girdled cane 10 clusters were close-pollinated. One 
failed to develop further; possibly it was accidentally broken | 
during the treatment. The other nine rated respectively 100, 60, 
100, 88, 100, 100, 100, 98, 80. Fruit normal in size. Seeds 
averaged 1.84 per berry. 

On a bent cane 10 clusters were close-pollinated. They rated 
100, 60, 100, 88, 98, 90, 82, 88, 95, 85. Fruit normal in size. 
Seeds averaged 2.66 per berry. 

On a normal cane 10 clusters were close-pollinated. They 
averaged 80, 96, 75, 95, 80, 80, 90, 88, 88, 100. Fruit normal in 
size. Seeds averaged 2.38 per berry. 

25 
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The following season (1902) the tests with Empire State and 
Vergennes were repeated. The Empire State vine, which was 
girdled in 1901, proved to be unhealthy, and so the results were 
not reported. 

VERGENNES, IN 1902. 


On girdled canes five clusters were cross-pollinated with pol- 
len from other clusters on the same canes. The girdle did not 
heal over. The fruit was more backward in ripening and 
smaller than normal Vergennes. The clusters rated respect- 
ively 45, 78, 88, 70, 50. Number of seeds was not determined. 

On bent canes five clusters were cross-pollinated with pollen 
from other clusters from the same canes; 6 other clusters on 
these canes were not bagged, but were left open to cross-pollina- 
tion. Taking these into account, the clusters on the bent canes 
were, on the whole, better developed and better filled than those 
on the same vine which were borne on unbent canes. The clus- 
ters rated respectively as stated below: 

On bent canes bagged clusters rated 60, 50, 62, 75. 

On bent canes unbagged clusters rated 100, 96, 97, 20, 95, 45. — 

On normal canes unbagged clusters rated 8, 70, 65, 75, 95, 38, 
50, 85, 8, 15, 90, 75, 90, 50, 55, 80, 88, 85, 60, 35, 35, 55, 15, 
12, 12, 18, 85, 25. 

On a normal cane four clusters were cross-pollinated with 
pollen from other clusters on the same cane. These rated 75, 
75, 65, 70. | 

In these tests the best results were obtained from uncovered 
clusters on bent canes. The covered clusters averaged some- 
_ what better on the normal than on either the girdled or the bent 
canes. 

EMPIRE STATE, IN 1902. 


In previous tests Empire State has proved rather strongly self- 
fertile. 

On girdled canes five clusters were cross-pollinated with pol- 
len from other clusters on the same canes. They rated 100, 100, 
100, 88. Fruit normal in size. 

On bent canes five clusters were cross-pollinated with pollen 
from other clusters on the same canes. They rated 100, 100, 
100, 90, 100. 





. 


LFFECT OF GIRDLING ON CANE AND FRUIT. 





Puate XLII. 


Fie. 1. FamLuR& oF GIRDLE TO HEAL: AN EXTREME CASE, 

Fies. 2 and 3. BRIGHTON CLUSTERS ON GIRDLED CANES; HacH CLUSTER CROSS-POLLINATED 
WITH PoLLEN FROM ANOTHER CLUSTER ON SAME CANE, BRIGHTON, SELF-POLIINATED 
RARELY SETS FRUIT, 








Puate XLIII.—-Briguton BorNr on NORMAL CANE: POLLINATED 
WITH SrTatTION No. 5, A STRONGLY S8LF-FERTILE VARIETY. 
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On normal canes five clusters were cross-pollinated with pol- 
len from other clusters on the same canes. They rated 100, 100, 
100, 98, 100. 

HERCULES, IN 1901. 

In 1901 a Hercules vine trained to the four-arm Kniffen sys- 
tem was treated by having the lower north and upper south 
arms girdled. The upper north and lower south arms were left 
untreated. The clusters were all left open to cross-pollination. 
Hercules is self-sterile, but this vine usually bears fairly well 
because it stands in a mixed vineyard. The total number of 
clusters which developed fruit was 29 on the treated and 16 on 
the untreated canes. The weight of the fruit was 7.6 pounds 
on the treated and 4.6 on the untreated canes. In this case, as 
in the case where Vergennes was girdled and left open to cross- 
pollination, there is an apparent advantage from such treatment. 

The results of the above-described tests are tabulated below. 
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TaBLy V.— RESULTS OF GIRDLING OR BENDING THE CANES BEFORE : 
THE BLOSSOMS OPEN. 














AVERAGE RatInc.! 33 
: caine: ee 
E Ba | 84.1 = 
| 3 = g2 | RSE | 8 
Name. o a 4 fs a. 2 3 
= He S n a, on eq . 
2 : E Suk | 28°S | F 
% E 3 Baa | 2884 | 
5 4 6 GS ) < 
ETISDUOl ah che ates 5 | Girdled...| Mostly small and 
seedtiessy!. 5. iF ganna 0S .02 
Brighton;.... c- 2. 8 | Girdled...; Mostly small and 
Beédiess. iu. kh. Od on eee 0 | 
Brighton.......... 5 | Bent..... Notes. nef... O, Madea’ - . 
Brignvon, comer, eer 9 sabentawee = NON. os), noe °0.. “bsae ame ba eee 
Brighton.......... 10 | Normal...| None........... ‘Ol ST RSs e, Kode 
Fidotade.... vac. 3 5 | Girdled...| Mostly small and | 
seedless....... Jot eee | O 
Eldorado.......... 5 | Bent.....| None........... Or st. abba leet Gee 
POE A COs ce eee 5 | Normal...| None Q --) 3. va 
Herbert...........| 6 | Broken in 
bending..| None........... O° | 2. eae 
Hermmertsss. 5 ian 6 | Girdled...| None 0 bsg 
Herbert: .,.c0..-s-| 0 | Benteston None te ep See 
Herbert...........| 6 | Normal:..) None Civ. ae hs gee 
PRICY ee ats 30 1 Girdled 2) Noineiie yo. sae *)  } os eee 
Salem. 10"): Bent >... 2) None::.. 52s at | meat te 
COUOOTC tees a ok 5 | Girdled...\: Normalag= 90 den eee | 1.42 
COmeordi Shiai: | 10 | Bent..’...| Normak......3.< 86:4 | 4a 1.90 
CAOOTEL Sd, sed Sues | § | Normal...| Normal:........ 892 } 40 teee | beta 
Delaware......... 2 | Girdled...| Normal......... 100) eee | 1.28 
Delaware.......... |. 6:4 “Normal, 31. Normal.o. 4: 98.4)" Fee 1.31 
Empire State......| 5 | Girdled...{ Normal......... 07-04 - ae I area 
Empire State...... P o<| Bento. eo N ORE eee OS "= 4a Se. 
Empire State...... | <6 ONommal. 4 Normalsc. coe. 99.0" -2 ee Los ae 
NMiagaracii2\. osc. '.4) 60), Bentiss 4. Normale "03 3:7 doc hoe | 1.89 
NISDARR Pea, ae oe ' 10 | Normal...| Normal......... S76) 2 eee | ea 
Vergennes, 1901.... 10 | Girdled...; Normal......... ‘Ol (Sige ee | 1.84 
Vergennes, 1901....| 10 | Bent.....} Normal......... *S8 6° eae | 2.66 
Vergennes, 1901...., 10 | Normal...| Normal......... 587. 25 Soe | Decks 
Vergennes, 1902..... 5 | Girdled...} Normal......... 66.2 |... eee 
Vergennes, 1902....| 5 | Bent.....} Normal......... 59.41 .. <n 
Vergennes,.1902.:2:)' 6.) Bent... -A Normals. o..1 1s 1525 Seen 
Vergennes, 1902....;....| Normal...| Normal......... 71.310. eee 
Vergennes, 1902....| 28 | Normal...| Normal.........} ..... 52.04 
Hercules) wo Peas terre srs Men ki 











are for cross-pollinated clusters. 


3 Seeds apparently abortive not included. 
4 Possibly this rating should be 82.6. 


5 Clusters close-pollinated. See note 2.. 


* The record of results with Hercules favored the girdling operation and leaving the 





See page 385. 


clusters open to cross-pollination. See page 387. 














1 The clusters were rated on the basis of 100 points for a perfectly filled cluster. 
2 For full significance of this term see p. 376. 














Unless otherwise indicated these averages 
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From the results shown with Hercules and with those Ver- 
gennes clusters on a bent cane which were left open to cross- 
pollination it appears that the treatment stimulated to greater 
productiveness. Some evidence of such stimulation is also 
found in the cases of Brighton and Eldorado. Sample clusters 
of the former are shown in Figs. 2 and 3, Plate XLII. For com- 
parison with them a cluster of Brighton hand-pollinated with a 
pollen of a self-fertile sort is shown in Plate XLIII. The treat- 
ment of the self-sterile Herbert and Salem failed to cause them 
to fruit. 

The self-sterile varieties Concord, Delaware, Empire State 
and Niagara have generally a higher average rating on girdled 
than on untreated canes, but the advantage of the treatment, 
if any, is not striking. 

If the girdling can be used on such nearly self-sterile varieties 
as Brighton and Eldorado, or such imperfectly self-fertile kinds 
as Vergennes, when these varieties stand in proximity to 
strongly self-fertile kinds and are exposed to cross-pollination 
from them throughout the blooming season, it may be that their 
productiveness may be thus profitably increased. Further in- 
vestigations should be made on this point, as well as a com- 
parative study of early and late girdling. 


A .GEUDY OF GRAPE POLLEN? 





N. O. Bootu. 


SUMMARY. 


I. The self-sterility which is known to exist among many 
varieties of cultivated grapes is in many cases, if not all, due 
to a lack of potency in the pollen. 


It. This lack of potency is indicated in the pollen grains by 
a Shape which is quite different from that of potent pollen. 


III. It is also Shown in the arrangement of the pollen either 
dry or in liquid media. 


IV. Certain varieties of grapes bear pollen in which both the 
potent and impotent forms are mixed. Trial of this mixed 
pollen shows that the amount which germinates is approximately 
in proportion to the potent forms present. 


INTRODUCTION. . 


The following investigations were carried on in the summer of 
1902. They are a continuation of some work started by Pro- 
fessor S. A. Beach as far back as 1892, the general object of 
which was to determine what varieties of grapes are self-sterile 
and what other varieties are best to use as pollinizers for these 
self-sterile sorts.1 One of the first questions that comes up in 
such an investigation is, naturally: What causes self-sterility in 
the grape? There are several causes which might produce this 
condition: (1) What is known to botanists as dichogamy, or the 
pistils and stamens from the same blossom and usually from 
the same plant maturing at different periods; (2) lack of affinity 
between pollen and pistil from the same plant so that even 


*Reprint of Bulletin No. 224. 
1See Bulletins Nos. 157, 169 and 223 of this Station, 
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though pollen falls on the pistil fertilization does not result; 
(3) the pollen itself being so scanty as to render fertilization 
improbable if not impossible; (4) lack of viability in the pollen 
itself rendering it impotent not only on its own pistil but also 
on all others. For reasons which will be discussed in the latter 
part of this paper the writer considered that the first and second 
of these causes are not probable ones. The third seemed quite 
probable and the results secured by Beach and published in 
Bulletin No. 169 seemed to indicate that the fourth was one of 
the causes, if not the only cause, why certain varieties of grapes 
should be self-sterile; as the results there showed that the 
pollen of self-sterile grapes so far as tested was not generally 
potent on other self-sterile sorts. 


INVESTIGATION. 
AMOUNT OF POLLEN. 

This year observations were made on a great many different 
varieties of grapes as to the amount of pollen present. All of 
the estimates were of course approximate since pollen is a sub- 
stance which it would be very difficult if not impossible to meas- 
ure with any degree of exactness. These observations were 
made both with the naked eye and simple lens. There were 
ereat variations in the quantity of pollen present on the differ- 
ent blossoms, but the variations did not appear to be particu- 
larly significant. 

There were greater variations on different clusters of the 
same vine than normally appeared on different vines of different 
varietics. The last clusters of flowers to bloom, and sometimes 
the first, are usually not so well supplied with pollen as those 
which appear at the height of the blossoming season. Vines 
just coming into beariug and having only one or two clusters 
on the vine were usually scantily supplied with pollen. With 
some of the varieties, even where there was no apparent cause 
in the condition of the vine, the amount of pollen present was 
apparently insufficient to make pollination at all certain. How- 
ever, with most of the self-sterile varieties the pollen was 
quite plentiful and apparently quite sufficient for pollinating 
purposes. | 
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LABORATORY STUDY OF POLLEN. 

At the same time that these observations were being made 
the pollen itself was being studied to determine if possible its 
status as a factor bearing on fertilization. This part of the 
work was wholly of a laboratory and microscopic nature, the 
only portion which took place in the field being the gathering 
of the blossoms. For this purpose the following varieties were 
selected for examination and comparison. 


TABLE I.—VARIETIES OF GRAPES SELECTED FOR COMPARISON OF 





























POLLEN. 
SELF-STERILE VARIETIES. SELF-STERILE VARITIES. 

PERCENTAGE. | sd ele: 
| No. Variety. Class.! | No. Variety. | Class.1 

| 

a — 
pare. (xk. ee ee | TP Cleveners. 2. 40091) Clinton , 57 ae. 2 
Rinaria rp Siw pale Nei ed NE ATLOTE LE of 3 dines). danesyille: wae ae 1 
PUPAL Een 4c ee RAVIDEO Rc. cae o 4]. 3 | Berckmans.. 77 7. 1 
Labrusca x....... | 4 | Aminia.......] 4 | 4 | Agawam........ 2 
DLA DOTIA te haces ee» | 5 | Grein Golden.. | 4 5 | Missouri Reisling; 2 
Datmused ass SVM vi "ON Darryn. > staee 4 6 | Rogers No. 32.... 2 
Labrusca) Xtina | 7 | Wyoming.....| + yf, dalagiles <p, ieee ae 1 
LaOTUSCS. xs ye 8 | Black Eagle... 4 8) Triamphii? sits 2 
Labruses} mcf 677.48 | 9 | Massasoit:.... 4 ie 9ypiBrilliankte. 70% 2 
Labrusca Xai. a4 | Lt): eer Oes ost an. 4-1 -10-) Lindmar, . fi. ne 2 
PGCeOrnit ee <. Se Pil’) fexamer >, .* ti Batiey.- cae nae 2 














Here we have a comparison, in each instance, of two varieties 
blooming at the same or nearly the same time, with similar par- 
entage, but one variety being self-sterile and the other self- 
fertile, the object being to eliminate so far as possible all differ- 
ences which might be due to species or strain. These investi- 
gations were along the two general lines: (1) Trial of the pollen 
in sugar solution to see if it would germinate; (2) examination 
of the pollen under a microscope to see if there were any con- 
stant morphological differences between that of the self-sterile 
and self-fertile varieties. 


1The numbers under “Class ” refer to classification given by Beach in Bulletin No. 157; 
Class 1 includes varieties in which sacked blossoms gave clusters varying from perfect to 
somewhat loose; Class 2, clusters marketable—moderately compact or loose; Class 3, clusters 
unmarketable; and Class 4, self-sterile—no fruit developed on covered clusters. 
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CULTURES. 

In 1 per ct. sugar solution.— The results from the first four 
kinds of pollen tested were uncertain. ‘This was due to using. 
a sugar solution which was too weak for this kind of pollen to 
make a good growth (1 per ct.). The only difference shown in 
this pollen was in the budding, which is the first stage in pollen 
germination. See Fig. 1. None germinated. The Clinton and 
Janesville both showed buds on from 5 to 10 per ct. of the 
grains, but the Clevener and Marion showed at the end of four 
days no change from their condition at time when placed in 
solution. 

In 2 1-2 per ct. sugar solution On June 18 pollen grains of 
Elvibach, Berckmans, Aminia and Agawam were placed in hang- 
ing drops of 2144 per ct. sugar solution. They were examined 
for three successive days thereafter and the number of germina- 
tions noted. The Elvibach and Aminia pollen did not germi- 
nate or even bud. About 4 per ct. of the Berckmans germinated 
and about 10 per ct. of the Agawam. 

In 5 per ct. dextrose solution.—On June 21 pollen was prepared 
as before, using a 5 per ct. solution of dextrose in place of the 
previous medium. The varieties from which pollen was taken 
in this instance were Grein Golden, Missouri Reisling, Barry, 
Rogers No. 32, Wyoming and Lucile. Notes were taken on these 
cultures on June 23, at which time they were in the height of 
their growth, none germinating after that date. At this time 
the pollen grains of the Grein Golden, Barry and Wyoming had 
not changed in any way from their condition when they were 
first placed in the solution. About 12 per ct. of the Missouri 
Reisling germinated, 20 per ct. of Rogers No. 32 and 10 per ct. 
of the Lucile. 


In 10 per ct. dextrose solution.—Pollen of these same varieties 
was placed at this latter date in 10 per ct. dextrose solution with 
the following results: Out of an estimated 200 erains of pollen 
of Grein Golden, one made a very weak growth; Barry and 
Wyoming pollen grains not changed in any way; Missouri Reis- 
ling, about 15 per ct. germinated; Rogers No. 32, about 50 per ct. 
(especially strong); Lucile was accidentally destroyed. 
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In 10 per ct. sugar solution.—- The same varieties were tried in 
10 per ct. sugar solution with the following details: Of Grein 
Golden, out of an estimated 150 grains one germinated, growth 
short and weak; Missouri Reisling, 20 per ct. grew; Barry none; 
Rogers No. 82, about 75 per ct. good and strong; Lucile, at least 
80 per ct., a mass of growth. 

In 20 per ct. sugar solution.—In 20 per ct. sugar, Grein Golden 
shows 2 in approximately 250; Missouri Reisling 25 per ct., 
Barry, none; Rogers No. 32, 90 per ct.; Wyoming, about 5 per ct. 
(growth weak); Lucile, 95 per ct. 

On July 2 cultures were made in 20 per ct. sugar solution with 
pollen of Black Eagle, Triumph, Massasoit, Brilliant, Roscoe, 
Lindmar, Hexamer and Bailey. Notes taken the following day 
show: Black Eagle, none budded or grown; Triumph, practi- 
cally all budded, but only about 10 per ct. grown to any length; 
Massasoit, little budding and no growth; Brilliant, all budded, 
60 per ct. grown; Roscoe, none budded and none grown; Lind- 
mar, about 69 per ct. budded and 10 per ct. grown; Hexamer, no 
buds and no growth; Bailey, about 60 per ct. budded and 5 per 
ct. grown. The foregoing results are tabulated below: 





TABLE II.— GERMINATION OF POLLEN GRAINS IN CULTURES. 


























Fertility 
pepe | Date Date |Solution ied) Percentage 
iia Class. mined by ater a peed (OF | Leese q 
Poldex. solution, amined, | germination, gZerminations, 
| periments. 
(e!  Pertet, Per ct 

Elvibach....... 4 (|Sterile....|June 18\June 19| 24 sugar.., 0 
Berckmans..... 1 |Fertile..... June 18)June 19} 24 sugar..,; 4 
Amistia® 07 240 4 |Sterile....|June 18\June 19} 24 sugar..) 0 
AP BWEI SNe ex | 2 |Fertile....jJune 18|June 19) 24 sugar..|10 — 
Grein Golden... 4 |Sterile....|June 21|June 23:20 sugar...) 1 weak 
Mo. Reisling.... 2 |Fertile....;June 21|June 23/20 sugar... |25 
DORE aaa se oe 4 |Sterile....|June 21/June 23/20 sugar...| 0 
Rogers No. 32... 2 |Fertile.... June 21/June 23/20 sugar... |90 
Wyoming....... 4 |Sterile....|June 21/June 23/20 sugar...| 5 
Daolelt. M7, OTE, 1 |Fertile.... June 21|June 23/20 sugar.../95 very strong 
Black Eagle..... |: 4 |Sterile....|July 3!July 5/20 sugar... 
SWOT, CRE A 2 |Fertile....\JJuly 3\July 5/20 sugar... 10 
Massasoit....... 4 (|Sterile.... July 3\July 5/20 sugar... 0 
Brolitents asic. 2 {Fertile....\JJuly 3|July 5/20 sugar...|60 
Rascoes. 2. aa 4 |Sterile....\July 3/Julv 5/20 sugar.. 10 
Lindmsr gob an 2 |Fertile..../JJuly 3\|July 5/20 sugar... 10 
Hexamer....... 4 |Sterile....July 3\July 5/20 sugar...; 0 
Baey eects oe 2 j\Fertile....\July 3/July 5/20 sugar.. : 5 : 
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PLATE XLIV.—GrRAPE POLLEN: 


Uprer.—GREIN GOLDEN, SELF-STERILE, CLASS 4. 
Lower.—MiIssourI RIESLING, SELF-FERTILE, CLASS 2. 


(For classification see footnote to table I.) 
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PLATE XLV.—GRAPE POLLEN: 


Upprer.—Barry, SELF-STERILE, CLASS 4. 
Lower.—Rocers No. 32, Sevr-FEerRTILE, CLAss 2. 


(For classification see footnote to table I.) 
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Puate XLVI.—Grapr POLLEN. 


Upprer.—Biack EAGLE, SELF-STERILE, CLASS 4. 
Lower.— -TRIUMPH, SELF-FERTILE, CLAss 2. 


(For classification see footnote to table I,) 
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Puate XLVII.—GRAPE POLLEN. 


Uprrer.—WYoMING, SELF-STERILE, CLass 4. 
Lower.—Lucie, Setr-FertiLe, Cxiass 1. 


(For classification see footnote to table I. ) 
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PLuate XLVIII.MGRAPE POLLEN. 


Upprur.—Massasoit, SELF-STERILE, CLASS 4. 
Lower.—BRILLIANT, SELF-FERTILE, CLAss 1. 


(For classification see footnote to table_l. ) 
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Uprrer.—HExXxAMER, SELF-STERILE, Cuass 4. 


Lower.—-BAILny, SELF-FERTILE, CLASS 2. 


(For classification’see footnote to table I,) 
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MICROSCOPIC EXAMINATION. 


Besides these there is another difference between the self- 
sterile and the self-fertile pollen which is noticed on microscopic 
examination and which seems to be constant. The self-fertile 
Zzrains seem to be surrounded by a mucilaginous substance 
which makes them stick to one another more or less so that the 
pollen whether it lies dry on the slide or is placed in liquid 
media arranges itself in a succession of clumps. This mucila- 
ginous substance does not appear to be soluble in water as the 
pollen grains retain their respective positions even after several 
days in the solutions. The self-sterile pollen, on the other hand, 
shows no such arrangement but the grains distribute them- 
selves either on the slide or in the liquid like so much dry 
powder, quite by chance. 

The next phase of the work was the microscopical examination 
of the dry pollen grains to see if there were any characteristic 
differences in the size or shape of the different classes of pollen. 
All pollen, whatever its shape may be when it comes from the 
anther, swells on contact with water and most other liquids, as- 
suming an approximately spherical shape. Consequently these 
studies had to be made with the dry pollen. The results of this 
part of the work can be better illustrated than told. On the 
preceding pages are cuts which are reproduced from photo-micro- 
eraphs of the pollen mounted in balsam. The characteristic dif- 
ferences are very apparent. The self-fertile forms are oblong, 
blunt at the ends and quite symmetrical. The self-sterile sorts, 
as may be seen, are quite different in shape, being more irregular 
and usually more pointed than those of the other class. Pollen 
‘from ali other varieties in the list previously given showed these 
same shapes according to the class to which the variety in ques- 
tion belonged, but the blooming season of the first eight varieties 
was past before I thought of illustrating this phase of the work, 
and later the balsam mounts of Roscoe and Lindmar were acci- 
dentally destroyed so that illustrations of these cannot now be 
presented. | 

Examination of pollen from varieties of grapes which had given 
conflicting results in Prof. Beach’s work to determine if they were 
self sterile showed that the self-sterile and the self-fertile forms 
may be mixed in the same variety. Eaton was the first one of 


396 Report oF THE HortricuLTuRAL DEPARTMENT OF THB 


these varieties which was examined on June 26. The pollen of 
this vuriety is quite irregular in shape and size and only about 10 
per ct. show the regular self-fertile shape, although there are 
numerous others which approach it very closely. Its grains are 
considerably larger than those of average pollen. In 20 per ct. 
Sugar solution about 15 per ct. of this pollen germinated. None 
of the growths appeared healthy however or at least were not like 
those of completely self-fertile pollen. In normal self-fertile pollen 
the tubes formed on germination are approximately the same size 
throughout, but the tubes of Eaton varied in size at different 
points of their course, being restricted at one place and swollen 
and distorted at another. The tubes were fully as long as those 
of normal self-fertile pollen. Other varieties which Prof. Beach 
has determined as belonging to the same doubtful class are 





Fic. 1.—Grapre Potten at Dirrerent Stages or GrowTsH. 
1, A Grain which has just Budded; 2 and 3, More Advanced Stages of Growth 


Dracut Amber, Maxatawney, Faith, Geneva, Montefiore, Canon- 
icus, Oneida, Gold Dust and White Jewell. Pollen of these was 
tested as was also that of Red Trauminer, Red Veltliner and 
Chables sent by Dr. Tinker of Ohio. In each instance the per- 
centage of pollen which germinated did not vary widely from the 
percentage of self-fertile forms which the microscope showed that 
particular variety to contain. And it appears very certain that 
the capacity of the pollen for growth is in direct proportion to the 
number of self-fertile forms present and their conformity to the 
self-fertile type. Pollen of the different varieties of grapes varies 
considerably in size, but there is no apparent connection between 
the size and the germinating capacity. . 

These results seem to confirm those previously secured in the 
field in showing that one of the reasons why certain varieties of 
grapes are self sterile is a lack of viability or potency in the pollen 
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itself! There may be other minor factors such as quantity of 
pollen produced, lack of affinity, etc. but this one is sufficient to 
account for all of the phenomena observed both in the field and 
laboratory. . 

These results raise the question in the author’s mind as to 
whether the grape is not now, so far as its phenological characters 
are concerned, in a state of evolution from an older hermaphrodite 
form to forms that are essentially staminate and pistillate. All 
of the staminate flowers, so called, which I have observed have 
small abortive pistils; which also conforms with the observations 
of Engelman.? Others report staminate flowers with no trace of 
pistil remaining. On the other hand the most advanced pistil- 
late forms still retain their stamens although so far as their 
true function is concerned they are apparently abortive. There 
is considerable corroborative evidence that this incomplete evo- 
lution has taken place. The whole path is marked by transi- 
tional forms; thus there are no distinct classes of self-sterile and 
self-fertile grapes but all gradations exist from one extreme to 
the other.2 This blending is quite apparent from an examination 
of pollen from a dozen or two of varieties selected by chance. 
In selecting the varieties which are given in the list in the early 
part of this bulletin extreme types were chosen purposely so that 
any difference which might exist would be most apparent. It 
further appears that pollen from the same variety may vary 
slightly in different years and even the same year in different 
localities.4 These facts seem to show that our grape is in a 
state of very unstable equilibrium, coming from an ancestry of 
diverse sexual types.® 

It might be interesting to consider the probable cause of this 
evolution. It seems reasonable to suppose that there must be 
some advantage which the staminate and pistillate vines have 


1Such plants are well known and are called by botanists pseudo-hermaphrodites. I am 
not aware, however, that any of our cultivated plants have been heretofore recognized as 
belonging to this class. See Natural History of Plants, by Kerner, page 291. 

?Bushberg Catalogue, page 7. (Edition of ’95.) 

3See Bul. No. 157: 424 et seq. 

‘Beach, Bul. No. 157: 424. Bushberg Catalogue, page 8. There is a vine on this station 
which bears both staminate and hermaphrodite flowers. Mr. N. B. White, Norwood, Mass., 
reports that he has a male (?) Rip. X Lab. vine which has fruited twice in the last thirty years, 
_ the pistils evidently varying in strength but being generally too weak to produce fruit. 
5Natural History of Plants, page 300. 
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over the assumedly older hermaphrodite forms, or they would 
not have developed and persisted. This advantage is supposed 
to lie in the fact that crossfertilization is thus assured. The 
seedlings resulting from cross-fertilization being usually the 
stronger! would have the better chance in the struggle for exist- 
ence with those from vines which were self-fertilized. However, 
we should not lose sight of the fact that there are also some 
advantages to the hermaphrodite forms and the chief one of 
these lies in the greater certainty of fertilization and consequent 
seed production. Thus where vines are widely scattered the 
hermaphrodites would have the advantage since the chances of 
cross-fertilization of the staminate and pistillate forms would 
be remote. Where the conditions are such that vines are numer- 
ous and closely adjacent the opposite would be the case, as 
fertilization of the pistillate flowers would be comparatively 
certain and the seedlings resulting would have the advantage 
over those resulting from self-fertilized hermaphrodites. It 
must be remembered that the adjacency referred to is not 
merely a matter of distance but would be modified more or less 
by other factors such as number and kind of insects normally 
present, direction of winds, surrounding vegetation, ete. It 
must also be remembered that although pistillate flowers are 
necessarily cross-fertilized it does not follow that hermaphrodite - 
flowers are necessarily self-fertilized. These may be cross ferti- 
lized also either by other hermaphrodites or by staminates, and 
the pistillate forms may be pollinated by either the staminates 
or hermaphrodites. In any of these cases the resulting seedling, 
while it would possess the individual vigor due to crossing, 
might be itself in any class so far as its phenological characters 
are concerned. This mixing and the fact that the advantages 
of each class tend to a certain extent to balance each other prob- 
abiy accounts for it that neither form has supplanted the other 
but both are still present. In reference to the question referred 
to in the first part of this bulletin as to whether dichogamy or the 
maturing of stamens and pistils on the same plant at different 
periods might exist in the grape, observations seem to show that 
this does not exist. The anthers usually burst and the pollen 


1Cross and Self-Fertilization in the Vegetable Kingdom. Darwin. 
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is liberated before the stigmas become receptive, but a good por- 
tion of the pollen remains on the anther and is gradually released 
even some time after the pistils are in condition to be fertilized. 
Grape pollen is notably resistant to the ordinary influences of 
decay,! and it can be readily seen how in an inconspicuously 
flowered plant like the grape, where insect visits might not be 
so numerous as would be desired for pollinating purposes, keep- 
ing qualities on the part of the pollen grains would be so valuable 
a factor that it could not be sacrificed even for so important a 
consideration as cross-fertilization. The question as to whether 
there may not be a lack of affinity between the pollen of a self- 
sterile grape and its own pistil will be difficult to settle con- 
clusively, and yet the foregoing evidence seems to show that 
such lack of affinity does not exist, since poor pollen was found 
in all those varieties examined of the self-sterile class, and only 
in those of this class. Furthermore, the phenological evolution 
referred to, if this be accepted as a fact, is strong negative proof 
that lack of affinity does not exist, for if any of the original 
hermaphrodite forms had possessed that quality by which pollen 
of a certain plant is impotent on the pistils of the same plant at 
the same time being good on all others then there would have 
been no cause to produce the staminate and pistillate forms of 
to-day, for cross-fertilization would have already been assured. 

The economic bearing of these results is quite apparent. It 
has heretofore been necessary in order to determine whether a 
certain variety of grape was self-fertile or not to sack certain 
clusters before the blossoms opened and see if any fruit set with 
the pistils thus protected from the entrance of outside pollen. 
‘These operations, besides taking considerable time, are subject 
to all the accidents which are apt to occur when such delicate 
work is being done in the field. The pressure of the sack may 
destroy the pistil or the sack itself may be knocked off by per- 
sons or storms, and there is always the possibility of the acci- 
dental entrance of other pollen. In careful experiments all this 
is provided for by duplicating the sacks until the chances are 





1Bul. No. 157, page 438. Pollen was germinated at this Station this year three. weeks after 
it had been gathered in California. 
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very small of such accidents vitiating the results. But all this 
adds to the work, whereas by the use of the microscope the 
sexual] status of a variety may be determined in a few minutes 
so far as that season is concerned. The older cultivated varieties 
in the east have nearly all been determined, but there are still 
some of these which are doubtful and the new varieties as they 
are originated can be determined the first season they blossom. 

Tt is not nnreasonable to expect that observations as to the 
quantity and condition of the various kinds of pollen will give 
us better rules for the selection of fertilizers than we have at 
present. It may at times be of use to determine a certain 
variety; to illustrate, Lucile and Wyoming closely resemble each 
other in fruit and in certain other characters, but they may be 
distinguished by the fact that one has self-fertile pollen and the 
other self-sterile. 

To the hybridist this work may be of some interest since it 
will indicate at once all possible male parents. 

It is intended to continue this work next season and it is 
hoped to have some further data to report. 


TREATING TREES“ THAT: HAVE" BEEN 
PPI Deby NICE OR -KABBIETS.* 





N. O. Booru. 





So many inquiries have been received by the Station as to the 
proper method of treatment for trees that have been injured by 
mice that it has been deemed advisable to issue this circular. 

From the investigations carried on by different ornithologists 
on the feeding habits of birds, it is evident that one of the rea- 
sons, perhaps the chief one, for the presence of the great number 
of field mice is the indiscriminate killing of hawks and owls. 
While some species of these birds, now very seldom found, de- ° 
stroy many chickens and beneficial birds, the hawks, and cer- 
tainly the owls most commonly killed, live almost wholly on 
field mice and similar pests. The average hunter and most 
farmers’ boys do not distinguish between them, but shoot every 
hawk and owl on sight. And it is an unfortunate fact that 
some of the most beneficial kinds of these birds are the least 
_able to protect themselves and consequently are most liable to 
be killed. 

Mice and rabbits injure trees in the winter by gnawing the 
bark. One of the most commonly used and most successful 
methods of preventing injuries from mice is to mould the earth 
up around the base of the trees in the fall. Mice can reach 
trees thus prepared only by climbing this conical mound, which 
they will rarely do. Any trash around the base of a tree will 
invite mice, and trees so situated are more apt to suffer from 
their depredations. Raking and burning whatever trash there 
is in the orchard will be beneficial as mice will not remain on 
open ground or in places where they cannot get food and shelter 

*Reprint of a circular. 


tSee U. 8. Dept. of Agr., Year Book, 1894: pp. 215-232. ‘‘Hawks and Owls from the Stand- 
point of the Farmer.”’ 
26 
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in cold weather. The gnawing of trees by rabbits indicates a 
want on the part of the animal of something green, and- some 
nurserymen find ample protection from ‘their ravages by scat- 
tering corn fodder or other substances that rabbits crave 
amongst their plantings. Injuries from rabbits are usually 
worst at times when snows have covered such green stuff as 
they are in the habit of eating. Hence if it is desired to decoy 
rabbits from trees by furnishing stuff they like better, it is 
necessary to scatter fresh material after each heavy snow. 
Rabbits will not bother anything that has been tainted by con- 
tact with raw meat or blood; and protection, for a time at least, 
can be secured by rubbing the bark of all young trees liable to 
be injured, with a piece of fresh meat. Veneer wrappers or 
any close covering will protect trees from rabbits and usually 
from mice, but the expense of securing and putting on such 
covering is considerable. 

The seriousness of injuries from rabbits and mice, and conse- 
quent treatment, depend, naturally, on the depth and extent of 
the wound. If the wound does not extend through the bark 
into the sapwood, the cambium underlying the injury wil! 
seldom die and in these cases all that is desired is to prevent 
drying out of the wound. For this purpose there is nothing 
better than an application of grafting wax. (For a good stiff 
grafting wax, melt together 7 parts resin, 2 parts beeswax and 1 
part tallow by weight.) Applications of bandages, earth, dung, 
etc., are often recommended, but by keeping the surfaces of the 
wound damp they furnish favorable conditions for the growth 
of decay germs and may do more harm than good. When the 
injury does extend through the bark into the sapwood, the 
cambium being destroyed, such a wound must heal from the 
side. If the extent of the wound be slight in comparison with 
the circumference of the tree no treatment is necessary, beyond 
that already mentioned, and the injury will usually be covered 
by the overlapping growth within a short time. Where the deep 
injury extends over one-fourth of the distance around the tree 
it is advisable, however, to use some artificial means of hasten- 
ing the healing process. 
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In order to understand the function of any process of bridging 
over a girdle it is necessary to consider the sap flow of woody 
plants. In general it may be said that crude sap after it is taken 
up by the roots passes into the upper portion of the tree or shrub 
through the sapwood; that is, the wood of the last two or three 
years’ growth. After this sap has been elaborated in the leaves 
and returns to build up the plant tissue it is passed almost wholly 
through the phloem or inner bark. When it comes to a point 
where the inner bark has been destroyed it may pass in through 
the sapwood and thus continue downward, but any such passage 
is difficult and slow. In an ordinary girdling, the sapwood, where 
the ascending current of sap passes, is practically uninjured so 
that the upward flow of crude sap is not interfered with to an 
appreciable degree. Hence trees which have been girdled will 
usually leaf out all right in the spring; but the parts below the 
injury not being able to secure any elaborate sap from the leaves 
above, no new roots can be formed and the plant later dies from 
lack of root nourishment. Hence the object of the operation 
described below is to bridge over the injury so that the descending 
stream of sap in the inner bark may pass to that portion of the 
tree below the wound. 

To make such a bridge, first, take a twig, preferably of last 
year’s growth, although this is not necessary, and with a sharp 
knife sharpen this twig to a wedge at both ends as shown in Fig. 
1. This twig should be slightly longer than the distance across 
the wound, measuring up and down the tree, and should be stiff 
enough so that it will not bend easily. Next take a half-inch 
chisel and make an incision in the tree just above the girdle. 
This incision is made with the bevel of the chisel outward and 
the edge extending upward and inward through the bark into the 
wood. A similar incision is made just below the wound and 
directly beneath the first with the edge of the chisel directed 
downward and inward through the bark. Now press one of the 
sharpened ends of the twig firmly into the lower incision and, 
bending the twig, spring the other end into the incision above. 
Such twigs should be placed at intervals of about an inch apart 
as far around the tree as the wound extends. If the incisions 
have been made true and the twigs are just the right length they 
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will be firm and will require no tying. The application of 
grafting wax at the points where the twigs enter the tree com- 
pletes the operation. Fig. 2 shows the appearance of the tree 
when the task is completed except for the waxing. In this, as in 
all grafting operations, the success depends largely on having the 
parts which it is desired to unite press strongly together so it is 
important that the twigs used be quite stiff and springy and that 
they be cut to just the right length to fit the incisions. The vigor 
of the tree is also an important factor and it is not advisable to 
try any method of treatment on trees which for any reason are 





Mpruyops oF BRIDGING OVER INJURY TO TREES, 
Pen sketch adapted from Thomas by W. P. Wheeler. 


making an unsatisfactory growth and are evidently in poor con- 
dition. Young trees which have been planted only a year or two 
will seldom pay for the trouble of operating and in such cases it 
is usually best to pull out the injured tree and replant. Even 
with the best of success a tree which has been injured and repaired 
will not grow as fast for a year or two as a Similar uninjured one. 


N. O. Booru, Assistant Horticulturist. 
Geneva, N. Y., Mar. 25, 1902. 
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Pee er ANALY SES. OF “COMMER: 
GhAks FER LILIZERSwb OR» THEcSPRING 
pe Coil OR” 1902." 





L. L. VAN SLYKE AND W. H. ANDREWs. 


SUMMARY. 

(1) Samples Collected. During the year 1902, the Station 
collected 924 samples of commercial fertilizers, representing 
446 different brands. Of these different brands 309 were com- 
plete fertilizers; of the others, 58 contained phosphoric acid 
and potash without nitrogen; 28 contained nitrogen and phos- 
phorie acid without potash; 7 contained nitrogen only; 34 con- 
tained phosphoric acid alone; and 10 contained potash salts 
only. 

(2) Nitrogen. The 309 brands of complete fertilizers contained 
nitrogen varying in amount from 0.68 to 8.97 per ct., and aver- 
aging 2.24 per ct. The average amount of nitrogen found by 
the Station analysis exceeded the average guaranteed amount 
by 0.82 per ct. the guaranteed average being 1.92 per ct. and 
the average found being 2.24 per ct. 

In 281 brands of complete fertilizers, the amount of nitrogen 
found was equal to or above the guaranteed amount, the excess 
varying from 0.01 to 1.39 per’ct., and averaging 0.37 per ct. 

In 28 brands the nitrogen was below the guaranteed amount, 
the deficiency varying from 0.01 to 1.51 per ct., and averaging 
0.19 per ct. In 26 cases the deficiency was less than 0.5 per ct. 

The amount of water-soluble nitrogen varied from 0 to 5.72 
per ct. and averaged 0.93 per ct. 


*Partial reprint of Bulletin No. 216. 
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(83) Available Phosphoric Acid. The 309 brands of complete 
fertilizers contained available phosphoric acid varying in 
amount from 1.72 to 12.00 per ct., and averaging 8.62 per ct. 
The average amount of available phosphoric acid found by the 
Station analysis exceeded the average guaranteed amount by 
().91 per ct., the guaranteed average being 7.71 per ct. and the 
average found being 8.62 per ct. 

In 277 brands of complete fertilizers, the amount of available 
phosphoric acid found was equal to or above the amount guar- 
anteed, the excess varying from 0.02 to 7.32 per ct. and averaging 
1.11 per ct. 

In 32 brands, the available phosphoric acid was below the 
euaranteed amount, the deficiency varying from 0.02 to 1.50. per 
ct. and averaging 0.31 per ct. In 25 cases the deficiency was 
below 0.5 per ct. 

The amount of water-soluble phosphoric acid varied from 0 
to 9.80 per ct. and averaged 5.46 per ct. 

(4) Potash. The complete fertilizers contained potash varying 
in amount from 0.55 to 13.83 per ct., and averaging 4.67 per ct. 
The average amount of potash found by the Station analysis 
exceeded the average guaranteed amount by 0.22 per ct. the 
guaranteed average being 4.45 per.ct., and the average found 
being 4.67 per ct. ; 

In 222 brands of complete fertilizers, the amount of potash 
found was equal to or above the guaranteed amount, the excess 
varying from 0.01 to 4.04 per ct., and averaging 0.57 per ct. 

In &7 brands, the potash was below the guaranteed amount, 
the deficiency varying from 0.01 to 4.45 per ct. and averaging 
0.48 per ct. In 57 of these cases, the deficiency was less than 
0.5 per ct. 

In 50 cases among the 309 brands of complete fertilizers the 
potash was contained in the form of sulphate free from an 
excess of chlorides. 

(5) The retail selling price of the complete fertilizers varied 
from $16 to $44 a ton and averaged $26.14. The retail cost of 
the separate ingredients unmixed averaged $20.76, or $5.38 less 
than the selling price. 
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INTRODUCTION. 
NUMBER AND KINDS OF FERTILIZERS COLLECTED. 

During the year 1902, the Station’s collecting agents visited 
199 towns between April 2 and July 31, obtaining 924 samples 
of commercial fertilizers. These samples represent 446 different 
brands, the product of 51 different manufacturers, each manu- 
facturer being represented by from one to 174 brands. 

The subjoined tabulated statement indicates the different 
classes included in the collection. 


CLASSES OF FERTILIZERS COLLECTED. 
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COMPOSITION OF FERTILIZERS COLLECTED. 


The following tabulated statement shows the average compo- 
sition of the complete fertilizers collected during the year, 
together with a comparison of the guaranteed composition and 


that found by analysis. 


AVERAGE COMPOSITION OF COMPLETE FERTILIZERS COLLECTED. 
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TRADE-VALUES OF PLANT-FOOD ELEMENTS IN RAW MATERIALS AND 
CHEMICALS. 


The trade-values in the following schedule have been agreed 
upon by the Experiment Stations of Massachusetts, Rhode 
Island, Connecticut, New York, New Jersey and Vermont, as 
a result of study of the prices actually prevailing in the large 
markets of these states. 

These trade-values represent, as nearly as can be estimated, 
the average prices at which, during the six months preceding 
March, the respective ingredients, in the form of unmixed raw 
materials, could be bought at retail for cash in our large markets. 
These prices also correspond (except in case of available phos- 
phoric acid) to the average wholesale prices for the six months 
preceding March, plus about 20 per ct., in case of goods for 
which there are wholesale quotations. 


TRADE-VALUES OF PLANT-Foop ELEMENTS IN RAw MATERIALS AND 


CHEMICALS. 
Cte bax 
poun 
WTOLEN 1 AMMONIA: SAlUS "s,s ayaa ag oe aes se 1614. 
NilTOGen, 1h’ MITTAL”. os. css wermhrtis epee he eee ee 15 
Organic nitrogen in dry and fine-ground fish, meat and 
blood; and mixed fertilizers .............. + tice ate + an 161% 
Organic nitrogen in fine-ground bone and tankage........ 16 
Organic nitrogen in coarse bone and tankage..... et e*:- 12 
Phosphoric acid, water-soluble ........ ie ke 6 5 
Phosphoric. acid, Citrave soluble. .......--.0 ss 50a 4th, 
Phosphoric acid, in fine-ground fish, bone and tankage.... 4 
Phosphoric acid, in coarse fish, bone and tankage........ 3 
Phosphoric acid in mixed fertilizers, insoluble in am- 
monium citrate and water .,......... s  shedeaas Ves ceyheonttvelet 2 lala 
Potash as high-grade sulphate, in forms free from muri- 
ates (chlorides); "im) ashes; et... soos... . He 5p Ah 5 


Potash in muriate ..... by aaah: ESS Beh cy by SSR bi PIAA IN! - Aly, 
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COMPARISON OF SELLING PRICE AND COMMERCIAL VALUATION. 


Giving to the different constituents the values assigned in the 
schedule for mixed fertilizers, 1614 cents a pound for nitrogen, 
5 cents a pound for water-soluble phosphoric acid, 414 cents 
a pound for citrate-soluble phosphoric acid, 2 cents a pound for 
insoluble phosphoric acid, and 414 cents a pound for potash, we 
can calculate the commercial valuation, or the price at which 
the separate unmixed materials contained in one ton of fertil- 
izer, having the composition indicated in the preceding table, 
could be purchased for cash at retail at the seaboard. Knowing 
the retail prices at which these goods were offered for sale, 
we can also readily estimate the difference between the actual 
selling price of the mixed goods and the retail cash cost of the 
tuunixed materials; the difference covers the cost of mixing, 
freight, profits, etc. We present these data in the following 
table: 


COMMERCIAL VALUATION AND SBHLLING PRICE OF COMPLETE 























FERTILIZERS. 
COMMERCIAL VALUATION SELLING PRicE oF ONE TON OF | , . Average 
oF ComPLETE FERTILIZERS. COMPLETE FERTILIZER. | increased cost of 
He] | mixed materials 
— | — HH — over unmixed 
{ | material, for one 
Average. Lowest. Highest. Average. | ton. 
| 
$20 76 $16 00 $44 00 | $26 14 $5 38 

















COST OF ONE POUND Of PLANT-FOOD IN FERTILIZERS AS PURCHASED BY 
CONSU MERS. 
In the table below we present figures showing the average 


cost to the purchaser of one pound of plant-food in different 
forms in mixed fertilizers. 


AVERAGE Cost oF ONE PounpD or PLANtT-Foop To CONSUMERS IN 
MixEep Fertilizers. 
Lea ipa: (| gt eee. ere oe, Leer eee . 20.8 cents. 
Phosphoric acid (available) ........ eer aL Celta. 
DEA Bl es Ps Sima eee es Suis eons a SSE mee oe tor Oe ( CELLS: 
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NEW FERTILIZER LAW. 


The State legislature amended the fertilizer law in 1899 and 
attention is called to the principal changes that affect manu- 
facturers and dealers. 

(1) All fertilizers selling for five dollars or more per ton come 
under the law. 

(2) Every manufacturer, importer, dealer or agent must pay 
a license fee amounting to twenty dollars a year for each separate 
brand or kind of fertilizer or fertilizing material. 

(3) Statements of guarantee analysis, etc., are to be filed and 
license fees paid during December each year covering the goods 
to be sold during the year following. 


LIST OF MANUFACTURERS WHO HAVE PAID LICENSE 
FEES AND FILED STATEMENTS AS REQUIRED BY 
LAW FOR 1902. 


Manufacturers, to the number of 71, have, since the first of 
December, 1901, paid license fees and filed statements in com- 
pliance with the provisions of the law. Of these there are 29 
firms whose places of business are located outside of New York 
State. These 71 manufacturers put on the market 548 different 
brands of fertilizers, including mixed and unmixed goods. The 
new fertilizer law has proved very efficient in diminishing the 
number of brands of fertilizers offered for sale. In 1899 there 
were offered for sale 2,268 brands as against 548 in 1902. More- 
over, the results of analysis show higher average composition in 
1902 than in 1899. In some cases manufacturers who offered 
twenty brands for sale in 1899 now offer only one. 
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NAMES AND ADDRESSES OF MANUFACTURERS. 


The Abbott-Martin Rendering Co., Columbus, Ohio...... 
The American Agricultural Chemical Co., 26 Broadway, 
Pee rR CLL). o8 Ov cionts.. Sows oe LE etd a tae. 
Armour Fertilizer Works, 205 La Salle street, Chicago, 
BEE MRO as Teen Ck UN een ISSO, 7) MORIUITES, 
EK. Repiiteal 100 Beekman street, New York city........ 
a, M. Baker & Bon, Mt! Morris} NeYuso. ie. favesies’, 
Berg Co., Station E, Philadelphia, Pa............000... 
Berkshire Fertilizer Co., Bridgeport, Conn............. 
Bowker Fertilizer Co., 48 Chatham street, Boston, Mass., 
Bradley & Green Fertilizer Co., Ninth and Girard ave- 
Eee SORE EPC L PILI SFL ee, ee ee eS bao hE Le Sh 
Buy user eriihzer'Co:> Bucyrus, OOM, 2 er 
EELS EeePC ICON ISeIN, PY, ee ee a eh teen 
Chicago Fertilizer Co., Security building, Chicago, Ill. . 
E. Frank Coe Co., 185 Front street, New York city...... 
Peter Cooper’s Glue Factory, 18 Burling Slip, New York 
a EMR eRe hao EGC. s 0g CRanav ete lores Aes ana Wipe 
Eagle Guano Co., 19 Liberty street, New York city...... 
Eastern Chemical Co., 620 Atlantic avenue, Boston, Mass., 
Farmers Fertilizer and Chemical Co., Syracuse, N. Y.... 
ene CePaOT waste lst alo lN ed Vile sisi s,< Sta ocqoeeguatees tx 
Smee Tee OTIC LIN VE ta wigte vise Seka) 05s + pahecniy x aleve» 


George B. Forrester, 159 Front street, New York city.... 
EY ee OR LCT oe LOND WATIGA GIN cal Verjersisuaisle ce cals cee es tas 
OS Sty ATOR UDR IACHLIGMIN UN giecnts Wels aikis ie + as q00%s 
Griffith & Boyd, 9 South Gay street, Baltimore, Md...... 
John Haefele, Delaware avenue, Albany, N. Y.......... 
Hammond’s Slug-Shot Works, Fishkill Landing, N. Y.... 
F. E. Hancock, Walkerton, Ontario, Canada............ 
S. M. Hess & Bro., Fourth and Chestnut streets, Philadel- 

Bi Rearee E Pe ereIe S MT tate arm, v5 Fad whee aan belace ne ofcaln dyabecaie & 
Internationa] Seed Co,, Rochester, N, Y.........+--000: 
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Number 
of brands 
reported. 
Jarecki Chemical Co., Sandusky, Ohio.................. 9 
Lackawanna Fertilizer and Chemical Co., Moosic, Pa.... 10 


Listers’ Agricultural Chemical Works, Newark, N. J.... 18 
Joseph Lister, Ghicagos Tyo. es. lies tun 23 ee 1 
Lonergan & Livingston, Albany, N. Y.................. 1 
Lowell Fertilizer Co., Boston, Mass..,................. 7 
F. Ludlam, 108 Water street, New York city............ fi 
Mapes Formula and Peruvian Guano Co., 143 Liberty 


street, New, York city... of. .nitsibhnlid dh. 2. cp eRe 22 
Maxson & Starin, Cortland, NieYuhists ott qonihiewe d. wet 2 
Michigan Carbon Works, Detroit, Mich................. 6 
Miller Fertilizer Co., 411 East Pratt street, Baltimore, 

IVES icy ais Cote ranches ees Dee eae see 6-32 eff Oohtatatialiane 1 
L. Mittenmaier, & Son, RomegN .Yeoiaet 4). 4h eee eee 5 
George, L. Munroe, Oswego, N.Y .....°7. 4. pont) een 1 
Nassau Fertilizer Co., 5 Beaver street, New York city.... 10 
National Fertilizer Co., Bridgeport, Conn............... 2 
Newburgh Rendering Co., Newburgh, N. Y.............. 1 
William C. Newport Co., 407 Drexel Bldg., Philadelphia, 

PA cele + < enptetin, sian an Whe gp cal> cease tes “esl tenga anata 5 
Norton & Golson, Byron, N.Y since s AG nt beaten 7 
#®. W. Perkins, & Co... Rutland, Nits e's fis: pnd tthe 1 
A. Peterson, Pentield,*N; , Y.« -ws'aeaaie ieee ideas Ge ae 1 
Wilham W:.Phipps, Albion, N.Y... cing. tere cece tae 3 
Piedmont-Mt. Airy Guano Co., 109 Commerce street, Bal- 

Tim Ore, Mg. sae euste's ae nich is oh a canna eens aan lea ee 5 
B. J. Pine, East. Williston, Ne Youre «16 3 nena ote ccd ee 2 
R. H. Pollock, 51 8. Gay street, Baltimore, Md.......... 6 
R. C. Reeves, 187 Water street, New York city.......... | 
George Ripperger, Long Island city... .....2 » secy- «sled nt 1 
Riverside Acid,Works, Warren, Pa... . ..+ >»... urs sere amen 2 
Rochester Fertilizer Works, Rochester, N. Y............ 14) 
Sanderson Fertilizer Co., New Haven, Conn............ 2 
Schaal-Shelden Fertilizer Co., Erie, Pa................. 12 
Charles C, Schader,. Marfvyille, N. You. oo. nee oe ey chars ee 1 
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of brands 
Charles D. Smith, 2 Borden avenue, Long Island city... deities 
iment. Smith,iWurtsboro, NoW wed. os. fosies!. wal 0). 1 
Frank B. Smith, Columbiaville, N. Y................00. J 
meetappenbeck, Utica, N.Y... ... .G8.5 st eavlieaw-soiin 3 
Syracuse Reduction Co., Syracuse, N. Y................ re 
I. P. Thomas & Son Co., 2 South Delaware avenue, Phila- 
LST Se EE SSR Sande ya ero ae | ee ee eR Sie 7 


J. M. Thorburn & Co., 36 Cortlandt street, New York city, 3 
J. K. Tygert Co., 42 South Delaware avenue, Philadelphia, 


bese eda ena te Weare ss oid iRtuio ch eed dost AR hae iow 3 
Poe Vann Wiliam Penn, Pa. oc... vas eae awe eile 3 
SPRL eet LPTUNISLOTAN an), the si tee ces oT Ree ae ] 
Meuecoxsvertilizer Works, Mystic, Conn.......5...06.. 4% 1 





TERMS USED IN STATING RESULTS OF ANALYSIS. 


In the tables following, the terms used to express results of 
analysis are self-explanatory for the most part. Attention is 
called, however, to “ water-soluble ” phosphoric acid and nitro- 
gen, and to “ potash present in the form of sulphate.” 

While manufacturers are required to guarantee only the 
amount of available phosphoric acid (water-soluble plus reverted 
or citrate-soluble), yet it seems desirable that consumers should 
know what proportion of the available is water-soluble. The 
amounts of available phosphoric acid being equal, one would 
commonly choose by preference a fertilizer containing the larger 
amount of water-soluble phosphoric acid. 

The water-soluble nitrogen includes nitrogen present in the 
form of ammonia salts and nitrates together with that present 
in small amounts of soluble organic matter. It should not be 
inferred that water-soluble nitrogen is of more value than the 
rest. It is of course more readily available, so far as it consists 
of nitrates, but it must be remembered that nitrogen in this form 
leaches and is lost to plants more readily than nitrogen in other 
forms. 
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When the potash is present in the form of sulphate, this is 
indicated. The figures given for potash in these tables represent 
always actual potash (K,O). If, when potash is present as sul- 
phate, it is desired to know how much sulphate of potash is 
present in the fertilizer, then simply multiply the figure given in 
the Station analysis by 1.85. 

For extended details regarding the value of different forms of 
plant-food, the reader is referred to Bulletin No. 94. 


[The analyses of samples collected are omitted from this Report, as they cease 
to have value before the Report can be distributed —Drrecror. | 


INSPECTION OF FEEDING STUFFS.* 





W. H. Jorpan, C. G. JENTER anp F. D. Fuuuae. 





SUMMARY. 
The report given herewith of the inspection of feeding stuffs 
comprises the following: 
(1) List of brands licensed in the State of New York for the 
year 1902: 
(2) Ahalyses of samples collected in 1902. 
(3) Comments on the facts shown by the inspection. 


FEEDING STUFFS LICENSED IN 1902. 


During the present year eighty-five manufacturers or jobbers 
have registered the guaranteed composition and paid the license 
fee on one hundred and twenty-nine brands of feeding stuffs to 
be placed on sale in the State of New York. 

“The brands named in the following list may be handled by 
dealers during the present year, without fear of violating the 
State law, as far as selling unlicensed goods is concerned, and 
may be purchased by the farmer with the assurance, excepting 
in infrequent cases, that the goods contain the amounts of pro- 
tein and fat, within reasonable limits, guaranteed by the manu- 
facturer of the goods. 


*Reprint of BulletinINo. 217. 
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The list of licensed brands may be classified as follows: 


ELITE Pee 2s frig sts nie Sok os rele ths bo 5 loa de 3 brands. 
TET I Sa Sg RS eg a (an eek as 
> oy) Tha al incag gpg a a Fn AS dass 
UE cies he eh ee ee PUR is ck so HHS bs fiat 
Peet WiCal ct ne eles SASSO Ere Ome d oem 
ETI ape ce errura! (Nhs ae fie fe eal nea oe a Wicd, 
Bete S OCHITIS. oye. is,enisile os +++ haoY Aiteboes the. stb ate, eoth Vicon 
OE TEE COLEOA ind rakl wirivediats os + & »,0 « va 6 HUM verde» Wyk a Setervie =} aerated 
Hominy feed ...... NAS. J, Sets eine ats gic binge PEIN cce i Galre*s 
SSGeaI IT rete em bret A st . . BOST idudtelt (9b FeiGes 
OMS Ce Teal emt 5 ks es oa ee Tae 
PLOUrIclaryOrnmixed. fCCdS. 6... .o.. aii le witiied «08 she G2 shes 
Lg og he ee, ae en? oa a gs aie re 129 brands. 


ANALYSES OF SAMPLES COLLECTED DURING 1902. 


The following table (II) shows the analyses of the samples of 
feeding stuffs collected in various parts of the State during 1902. 
The percentages of protein and fat found are given for compari- 
son with the guarantees. In the case of those samples where it 
was reasonable to suspect the presence of oat hulls or some 
other inferior ingredients, the proportion of crude fiber was 
determined. As a matter of interest the retail selling prices are 
given as stated by the dealers from whose stock the samples 
were taken. 
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Report oF THE INSPECTION WoRK OF THE 
Taste LI1.— SAMPLES OF FEEDING 
NAME AND FOS ed Sampletent 
) ita eet Cotton Oil Co., Huntsville, Ala......... Poughkeepsie, W. S. Reynolds & Co. 
Chapin & Co. Bufslos ns ee ee Kingston, Wilson & Wolven....... 
Humphreys, Goodwin & Co., Memphis, Tenn...... Albany, George Drew..:% .:)...c08 
| Humphreys, Goodwin & Co., Memphis, Tenn...... Utica,'G: W. Head Co..7. 20. i. 0e8 
| Leder Oil Co., Demopolis, Ala Soo Siaohg a ee Kingston, Everett & Treadwell..... 
| Robinson, George B., Jr., New York.............. Albany, Barber & Bennett......... 
[BAY ISs Widen NEWay OF. lic ie Sone New York, Fisk, Clark & Allen..... 
PE EAVISSW a) Su INGWe OTK. i eu coe ae ea ee pr. Tsland City, Thomas Morgan 
Williams, FE. B., & Co., Memphis, Tenn........... Aree W.N. Carpenter...... 
| American Linseed Co., Chicago, Ill............... Albany, F. Reuter Seis ¢ 28 ea ee 
American Linseed Co., Chicago, Ill............... Fourteen. Wm. S. Reynolds & 
American Linseed Co., Chicago, Ill............... as York, W. H. Payne & Son.. 
Falls, JiC.,.& Co., Memphis, Tenn. 4::.).4 +.% 2 4.404 Utica, G. W. Head Co. ), Mee 
| Kelloggs & Miller, Amsterdam................... Albany, Barber & Bennett......... 
Kelloggs &-Miller, Amsterdam................-.- New York, John EF. Connelly & Co.. 
| Kelloggs & Miller, Amsterdam................... Amsterdam, Kelloggs & Miller...... 
Mann Bros., Buffalo:. 2.) 52 ee ee eee Naples; J.B. Lyons?) eee 
Midland Linseed Co., Minneapolis, Minn.......... | Albany, Mahar Bros:..2. 20) see 
| Midland Linseed Co., Minneapolis, Minn.......... New York, Fisk, Clark & Allen..... 
| Union Linseed Co., Troy ple oy ae ar te pes BP Be 3 ae Rondout, A.S. Stapl C5 2 \s\ <n 
| Glucose Sugar Refining Coz Chiekso; Hee. ase Kingston, Wilson & Wolven....... 
Fuller-Page Co:; Syracuses.fola <. 2 vats feas.ke Philadelphia, Wilson Bros......... 
Dean, C. R., Owego Bg oad aoa eect, LPAI ns ae Amsterdam, W.N.Carpenter...... 
| Glucose Sugar Refining Co., Chicago, Tll........... Albany, H. 8. Bell & Co... G2 e2a ee 
| Illinois Sugar Refining Co., Pekin, [ll............. Albany, George Drew............. 
| Sull-Franke Grain Co., Waukegan, Ill............. Utica, Ogden & Clark............. 
National Starch Co., Glen Cove, N.J............. Albany, J. H. Peters’ Sons......... 
U. 8. Sugar Refinery, Waukegan, Ill.............. Rondout, A) S/Staples... G72 .2eee 
Glucose Sugar Refining Co., Chicago, Ill........... Kingston, Wilson & Wolven....... 
Biles Co., The J. W,. Cincinnati, O............... Utiea, Ogden & Clark............. 
ieBeakes>iA lhany a2. seec et ae ee ee ee Albany, George Drew............. 
Chapin & Cott Buffalores 4s. bee oe ee Kingston, Wilson & Wolven....... 
Clapp; Av Jy, New: Yorks. i: 35.4.2 oe eee Rondout, A. §..Stapleseveaneneee 
| Cox & Co., Boston, Mass) <; sowkigewe oer. Ache Utica, Ogden & Clarke............ 
| Evans & Sons, Hudsonet.c ccc from ok ee ees Hudson, Evans & Sons. 592 
inNester:iS, Ks, Geneva: giartbmin titer oe oo Peekskill, o S. Horton & Sons..... 
| Reynolds & Co., Poughkeepsie: ore. Fo. s eee | Peekskill, G. W. Baglev & Son..... 
_ Robinson, G. Bi Jie, NOW YOLK tas Seaaclseie eeie Hudson, Dunning & Bogardus. . 
| Banner Food Co., New York: S224. 450 hee a |‘Alhany, BH: S. Bell & Cosiii5 S22 
Barwell, J. W., Waukegan, TL atte eect ere ee Amsterdam, Ww. N. Carpenter...... 
Barwell, A W.. Waukegan, TY. CESS Be eee Utiea, Ogden é3Clark:. #422 
fe o4.2. Company, Te, BUR 152 tee cen oe ome Albany,  Mshar. Bros..25..22 ee 
/ Hi: Company, The, BuGalo-. 2.25 ene feces eee Albany. J. H. Peters’ Sons... .. 


HzO. Company, The, Buftalo. 900 ee eee 
| American Cereal Co., The, Chicago, IIl. . 
| American Cereal Co., The, Chicago, Ill 
American Cereal Co., The, Chicago, Tl 
Kenwood Mill, Kenwood RE ca Os 
American Cereal Co., The, Chicago, Tl 
Amos*lacob, Syractise soo en, hi Ae ce Oak 
Hecker-Jones Mill Co., New York................ 
Imperial Mills Co., Duluth, Minn...:............. 


Imperial Mills Co., Duluth, Minn 
Imperial Mills Co., Duluth Minn................. 
Stone, R.C., Milling Co., Springfield, Mo.......... | 
Ustman, William, Mill Co. , Superior, A Se ee, 


Ustman, William, Mill Co., Superior, Wissccts bie 
Long Dock Mill & Elevator Co., Jersey City, N. J.. 


Ce @0 6 6 6 2 is er 


oC eC 8 eee ew 8 es 


00 A Se, © on Cee 


Sit Aw OM eres ws ele & 


Pillsbury, Minneapolis, Minn 
Reed. I. H., New York 


Seer eee rere eer ese eee 


OO Me 6 ihe) we, eS OER Sle 6% we le. Lae 


Clapp, A. Jerome, New York 
fe has A. Sheree. New York 
Mr &MoM: Con-Rochester(<. saeco ee ee 


# OTe 6F a0 eia at ip pie © yp al~ ele 





POPC 6 0 be le La Om a ene wm ren 





| New York. H. Ingersoll 


Peekskill, C.S. Horton & Sons..... 
Albany, George Drew............. 
Hudson, Downing & Bogardus.... 
Poughkeepsie, G. W. Base & Son. 
Albany, H.S. Bell & Co.. 
Almond, C. W. — ee 
Syracuse, Jacob Am 

ew York, Hecker- Sones Mill Co. 
Albany, George Drew 


Kingston, Wilson & Wolven 
Utiea, G: W. Head Gor =e eee 


Albany, George Drew 
Kingston, Everett & Treadwell..... 
New York, Fisk, Clark & Allen..... 
New re Long Dock Mill & Eleva- 


tor CO i. os sce 10 ate ore dee 
Albany oe Reuter 
Albany, § Brooklyn Elevator and 
Mill Co... son. Sabie eee 
New York, pe Connelly akin or 


Kingston, Everett & Treadwell..... 


Srurrs CoLLtecrepD Durine 1902. 





Name of feed. 


Cotton seed meal, prime.............| 
Cotton seed meal, green diamond 
1Cotton seed meal, Dixie brand 
1Cotton seed meal, Dixie Brand....... 
IGotton seed meal 0 ems ee. 
1@otton-seed. meal. {6 SU 9aF! Rte. | 
1Cotton seed meal 





iotton seea menl rt. ff). 2002 POT... 
1Cotton seed meal, Daisy brand 
Oil meal, O. P 


@ileneal: O8 Popes 2 On MRIS. 
GiPmenl: Oe eas pe Re 
1Linseed meal, square 
Giltmedsa pure, Ook ser ES 
Milssrealpuret OUP lS eth esate. |. 
Phenronls pure: (+ Pes 4.9. 2 Pee ee | 
Oirmienls pure: Cee i! oo. ee A 
Linseed cake, ground, O. P.......0..% ; 
Linseed meal, Midland............... 
Oil meal, cow brand 


Cisuss ao) 6} Rewer e 6 6 4 sep aug, of @ | 


MIE MIOR I ae. Sia he tae 
Gluten stock feed, Manhattan.......- 
Gluten feed, Buffaloi).. 0.2.05. 's:.- 
Giten teed *Buffalors ets eee 
Gluten feed, Pekin... 72ers Se 
aGhiten feeders, 9? SIG TEN VOLS |. 
*Ginteny cede. oo eel Ee ees 
Gluten feed, Waukegan 
Germ oil meal 
_ Distiller’s dried grains, Biles’ KX XX,. 
1Barley sprouts 
EMP SHFOULS! . rere far ae. 
UMaLGeEprouts..tec ora oe oe eee ws 
EMAL ESDTOULS coe ton ites. OS. 
Nalitemroute eels eee Ee, 
WMALGIBDTOUtSs Et. pte ee PS 
UM aly SprOuts:.c7.. oe et PEPE .. 
AMALIE OBYOUtS.C ee eee) F. 
EBamner StOCk 1000-6)... Ge oie als 
1Blatchford’s sugar and oil meal 
Blatchford’s calf mea 
H. O. Co.’s dairy feed 
ao Cows norse teed) ere eee. 
H. O. Co.’s. horse feed 
Quaker dairy feed 
Quakeraairy feeds.< «eh. o: 
Quaker-dairy feed 20 fh es Ee: 
Rye fee 
Wheatifeed, Buckeye.!? ve Sree. .: 
Mixed feed, bran, middlings-and ships. 
Mixed feed, bran and middlings 
Mixed feed, ‘‘ Boston,” bran, middlings 

and low-grade flour................ 
Mixed feed, ‘‘Boston,” bran, middlings 

and low-grade flour.....;. 703.802... 
Mixed feed, ‘‘Boston,”’ bran, middlings 

and low-grade flour............... 
Mixed feed, bran and middlings....... 
Mixed feeed, bran and middlings...... 
Middlings, No. 2 flour 


Middlings, No. 1 
Middlings, B 


OS shal’ oat so gas Meader eee ky « » 
= see Tuxedo 


See ee WR ee 8 8 0 eS 6.18 Sane o ©. 


os @ ee @ eae ome 6 


Wie) S16R0 Sule «| 6 aus is = «pe © 





tens 6 RA Meee. SUR 6, ® 


oe ad ad wis cae shee is «2.6 © 


Bia 6 8 wre « ale 62 * Bae & 6,0 e060 @ 
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PROTEIN. Fat. | iS 
|Crude Price 

—-— ———— | fibe | per | § 

G la ‘found. ton. $s 

uaran- uaran-) o 

Found teed’ Found. ‘hed’ = 

= 

Per ct. | Perct. | Per ct. | Per ct. | Per ct 

44.7 | 43.0 F050! POP? ee $30 00 |424 
45.1 | 43.0 G3.) -gta* Fe 28 00 |473 
46.5 | 43.0 1987 NOLO ay eee 30 00 |412 
45.3 | 43.0 TGQ Gamat Carts 28 00 |503 
43.8 | 48.0 4 L1OLO 30 00 |478 
40.7 | 43.0 by ete UN Mae 8 Bla pedi | Pepe ee hc aed 399 
4900 hee ipa pees ol Maes 30 00 [445 
45 ot de cece! Gras pe ab se 32 00 455 
46.7 | 48.0 999s) 9. DF BE 32 00 |493 
37.8 | 32-36 Ragaiat 7 ah 7 eae) 34 00 [387 
36.4 | 32-36 A hd py eo) eae 35 00 420 
38.8 | 32-36 SENT Opty bee 34 00 |458 
29.8 | 33.5 GEL Oy IG Tees 3 30 00 |504 
a7 P51) 36-70 ree tg) Ry get eo os ... 398 
38.1 36.70 G2 PTS HALE. © 37 00 |451 
37.4 | 36.70 rh oa ey A, a 29 00. 490 
38.8 | 35.15 (el) og Wane aie Fea 523 
26,07 162.5237! Ble? 707 4BS-8 5) es 404 
S62% 139-5-27-D bw Del 1D., 5S. Bl weak 34 00 |444 
31.6 | 22.09 6.67) 6732 Fy 36 00 |481 
38.1 | 38.0 Pe lee ae meta ih 29 00 |475 
ibe id «Mee? Re ak tia a ee a he 1 27 00 |518 
28.7 | 28.0 2.6L cB ce 26 00 495 
29.3 | 28.0 ri ch Oe oe ae 27 00 (403 
C803 te ST OI as Ge Shy eae 28 00 |411 
26685 [> 27138 ha Ag pS BO Tees 2: 25 00 |500 
S407 BOO 90. Tatu bow Igie yoke 28 00 |391 
Dane OT TAR hie DOs BBO te os 26 00 |483 
O85. 6) be 25.0 sil. SOO hse cs ee | 474 
38.6¢ 1. -33..20 4 18.7 1120 | i 25 00 |498 
DSi Debs weed: ne Oe Oh ee 22 00 '413 
96-6 be feces e: CO ey Goce VA Sr aaah 22 00 |468 
7a a ee ee lan mae Pus ve. 2: 22 00 487 
DOCS Sete ee ei Roles ands hae ted pean’ 499 
SOS. b> 28 44 ch PAL Te 4G ae 20 00 414 
99 14-0 daRg) ES ee? ey oe” 20 00 (430. 
28 <1) 2 OSStag ag 7 OES rere 2 20 00 426 
Ot Oh eee eee hth gee | 22 00 (419 
O91. 2526 S06 OE Bea Pie 160 00 |402 
30.1 | 28:25 | .10.0:1°11:25 f).:... 70 00 |492 
25.9: 1 %26, OO Sal FB Oe TSeS: ys 70 00 [501 
19.9°% 18:0 4.6 | 4.5 | 11.4 | 30 00 |405 
14.31 12:0 5.6 | 4.5 | 8.9-| 30 00 |390 
13.9°1.. 12:0 1b 68:28 at5 "8 SF Fr S1500 1499 
15C6: to 1820 3.8 | 3.5 | 18.1 | 26 00 |407 
15.2 | 14.0 5.6 | 3.5 | 15.2 | 25 00 |418 
18.6 414.0004 25.8 85.) A297" 24 "00: 1428 
16.8 ee aes ae £52. as ae 2. .| 24 00 |401 
90.0 te RFE OP ASBH 4270 25 See Pore ten. (520 
{Gan ter yss : eerse) BTU. 7.2'| 17 00 |509 
DUA de eee: = Pak, os eae POT Weer), 44 
1037 4a ss tenn" Chats S ES knees 7.0 | 26 00 '409 
SOLE ie ss 2G! 5.0 | phe 2. Vat Patt 25 00 |472 
30-0 Wh 0.4 vee REO TN an 6.9 | 24 00 |506 
19.6 450 Sac ras bee 6.6 | 26 00 |408 
O09 al ee BB Se SPER Toes 25 00 |479 
has ey So sane tee PE Yea ee ee on ae 28 00 |446 
47.3 Lee 3 adap teete fetes © 26 66 |460 
90 i) Fe | GESEIERS WAP S. £70: 26 00 |386 
20°66 saws PU AN ae aie | 26 00 |466 
1GS2 se xene es A SAAR ION PD i 25 00 1452 
16.0 i}, ans BMG AGA WRENS he MIS: 26 00 1449 
19: fs eee YT 7 gal Won a, Vebaait Deo 1a 25 00 '480 
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Report OF THE INSPECTION WoRK OF THE 


NAME AND ADDRESS OF MANUFACTURER 
OR JOBBER. 





Voight Mill Co., Grand Rapids, Mich............. 
Decatur Cereal Mill Co., Decatur, Ill.............. 
Indianapolis Hominy Mills, Indianapolis, Ind...... 
Indianapolis Hominy Mills, Indianapolis, Ind...... 
Miami Maize Co., The, Toledo, Ohio.............. 
Miami Maize Co., The, Toledo, Ohio......,....... 
Miami Maize Co., The, Toledo, Ohio.............. 
Patent Cereals Co., The; GOnevas. sc. score cen e 
Payne, W.H., & Son,, ING@WiY OFM) oco.c cloves ie dee oot 
Payne, W. H., & Son, New York..........ec+00-s 
Reynolds & Co., Poughkeepsie..........0.-0000:% 
Shellabarger Mill & Elevator Co., Decatur, Ill...... 
Simpson, Hendee & Co., New York LANDS ac  afarietteke oat 
Cerealine Mfg. Co., Indianapolis, Indietts 2 Pie cee ote 
Brooklyn Elevator & Mill Co., Brooklyn ie es ee 


Huested Mill & Elevator Co., Buffalo............. 


Long Dock Mill & Elevator Co., Jersey City, N. J.. 
Long Dock Mill & Elevator Co., Jersey City, N. J.... 


Huested Mill & Elevator Co., Buffalo............. 
Long Dock Mill & Elevator Co., Jersey City, N. J.. 


American Cereal Co., The, Chicago, IIl... 
American Cereal Co., The, Chicago, Ill............ 
American Cereal Co., The, Chicago, Ill............ 
Barber & Bennett, Albany 


eree ee eee see eee ee ee eee oe 


Coonley, George W., Albany 
Diamond Mills, Huflald.on oh ee hee eee 
Diamond Mille, Buffalo... .n-.<c2scacucecGamee ss 
Elsworth & Co., Buffalo 
Hisworth & Co,, Buffalo 7, 2e). dn. cc cess clean oe 
Fisk, Clark & Allen, Nowe MOrk oo i.e 01 ce oe bao 
Fisk, Clark’ & Allen, New; XOrk-<) nee et oe eke 
Great Western Cereal Co,, The, Chicago, Ill........ 
Great Western Cereal Co., The, Chicago, Ill 


ereereeeeeeseeeeeeseeee 


oereeeecee ee eeeereseeseseee 


eereereee 


TaBLp II 


Sampled at 


ee 


Utica, G. W. Head & Co........... 
Saugerties, F. G. Phelps........... 
Peekskill, G. W. Bagley & Son.. 
Peekskill, C. S. Horton & Sons 
Hudson, Downing & Bogardus..... 
Poughkeepsie, W. 8S. Reynolds & Co. 
Kingston, Wilson & Wolven....... 
Rondout, A. S. Staples........-.+. 
New York, W.H. Payne & Son.. 
New York, Titus, Wells & Willets.. 
West Coxsackie, Levi Bedell 
Kinston, Wilson & Wolven 
Kingston, C. F. Gray 
Peckskill, Geo. F. Casale # shes 
Brooklyn, Brooklyn Hievatae "& 
Mill. Coss: onnczei tho tacrameyene Seinen 
Amsterdam, McConnell, Cramer & 
Miller 
New York, H. Ingersoll..,< . inci 
New York, Long Dock Mill & Ele- 
vator Co. ; tw aktde - eee 
Amsterdam, Hill & Watson........ 
New York, Long Dock Mill ‘and 
vator Co. «iol anak di Snider ahteygh ale) seaneiee “ 
Albany, F. 





ee 


 *eeeeeeoe 


: Albany, J. H. Peters’ Sons....... aS; 


Almond, GC. W.. Sissons « Sues «ieidierees 
Albany, Barber & Bennett 
Brooklyn, Brooklyn Elevator and 

Milling Co.3;¢hdeene Bearer taceis 
Albany, George W. Coonley..... ae 
Albany, Leonard & Co 
Naples, J. EF... Lyon: stesaceenene 
Kingston, Wilson & Wolven 
Utiea, Ogden & Clark. occcun« demute 
New York, Fisk, Clark & Allen..... 
New York, Fisk, Clark & Allen.... 
Hudson, Downing & Bogardus.... 
Hudson, Downing & Bogardus.... 


eee 


eeevevee 


SAGOG CO), Gas Wi ay URC ee Orca Cae a a's tke ate coke Utica, G..W. Head Co. jengve ene 
Heath, H. R., & ‘Son, Hort Dodge; dase. - ..e eti.e ae Albany, J. H. Peters’ Sons......... 
Herrick & Son, Weatertowilon. soca. Geis oe le cftals cake Watertown, Herrick & Son........ 
Morgan, Thomas, Mill, Long Island City.......... Lane ean City, Thomas Morgan 
| Ogden & Clark, Utica..... ni denbie 6 Chareh eis csereke aie er erots Utica, Ogden & Clark joe wes eee 
Oliver ;Dayid, Jove: Wi. |... alah Le Bele Poughkeepsie, W.S. Reynolds & Co. 
Wilson NG ‘Philadelphia Scie cic, chavodth ARE sob, 'cbt Goh bh elale Philadelphia, Wilson Bros......... 
wWousey, C.F... d& Co:) Lowvillé.... gcaq. os 4 bbe ok Lowville, C. F. Yousey & Co....... 
Oneonta Milling Co., "Oneonta A OI eee ae 5 Sich © Albany, H. 8S. Bell & Co...... aieteiehe 
Oneonta Milling Co., Oneonta............eeeee-- Albany, J. H. Peters’ Sons......... 
Everett & Treadwell KIMgstOn.. set see «sae ae 3 ore Kingston, Everett & Treadwell. 
Amos, Jacob, SYTACUBG. ars sce cs cass pale oe cle Syracuse, Jacob Amos............- 
Herrick & Son, WiAtCTUOWM Oudioe wcecn aceite oe Watertown, Herrick & Son........ 
Staples, A. S., Rando ase oe roc een Rondout, A. S. Staples............ 
Webster, G. W., & 50n, Cortland <.2. 0. ae kee Cortland, G. W. Webster & Son.... 
Bagley, G..W.,.& Son, Peekskill. ccc ee dec cece Peekskill, G. W. Bagley & Son,.... 
Payne, W. H., "& Son; NéweYorkrit..c ss obah. dee as New York, W. H. Payne & Son.... 
Yousey, C. F., & Co., ‘Lasalle ios 7 bs Lee ol oa Lowville, C. F. Yousey & Co....... 
American Cereal Coz, Chicago; bla eae bas aoe et Albany, Righter & atl ua Yo-aheia fe SUR 
American Cereal Co., Chicago, Ill................. Albany, George Drew............. 
Brooklyn Elevator & Milling Co., Brooklyn ....... Brooklyn, Brooklyn bn te & Mill- 
ing Cor... iwrd stein. ae 
CIADD vA ding INOW. X OF ie aoiets - s clssieit iis Be ed he Kingston, Wilson & Wolven....... 
Great Western Cereal Coz; Chicago, Tin. 0 ee ke Rondout, A. S. Staples............ 
Long Dock Mill & Elevator Co., Jersey City, N. J...,; New York, H. Ingersoll........... 
Morgan, Thos., Mill, Long Island CiEY <aiehoterece ete | Long Island City, Thos. Morgan 
Adikes, J. & Tu, Jamaieas..a: 1... oss. se ck See ode Tae J.& T. Adikesinasct, snes 
Husted Mill & Elevator Cos; bufialos.. nn aes Amsterdam, McConnell, Cramer & 





Miller... .s:<:sGleue ses cae ee 
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—(Continued). 


Name of feed. 


—_— 


Bran, winter wheatae ais. keels. 2. | 


Los boy cretehigr tc Mane Oy eee eee oc 
RE en, Wins On nn Pat mnd oe 
PLGOMNITIVI LOCO 0aA,. Baca Re. ofthis erat da% 
Praminy feed skais..6..0, te iseck ... 
BCE OCG lg og nya, orale ona eiaeeee vers ce 


ACSEIITET VALCCUCES atthe ac's sss soca «foc 
BELOMMT VelCCKM asta... HAs. . Ree cs. 
BEominy 1660 see) dae tls eS te Ee a 
BELONMHY, MOCUGN. POUND, ele eS ae Soe 
FOnmumysleeds etasK....) Si 6. oO. 2 ss 
BEUGIVEN VLOG wa Aa Me leeieie de os dee 
Ceropline feed, Noid cose! onesie... 


COrMmenle an. ..o5 8 teeiiion CoeMien > cad <5 


Cheah Tanya sede tet en Ge a 
Corn meal........ ” hay RAE ck eee 


MOLNLIMeHIee ket tke pn, Sake os eae be 
Corn and oats, half and half........... 


Corn and oats, half and half .......... 
Corn and oat feed, Victor.......0...... 
Corn and oat feed, Victor............. 
Gorn and oat feed; Victor. <...d62..06 
LOTMA ORTMECE, o...1< Pudi. oe ea ds. 


OSTATIC OBL OCC. te incsus vis 3 Lendl Saree x 
Eonar BN OMULGCd «ss. ett e wee cece ne fre 
KCORMISTICLIOR TATOO ™, sates ee ois ee at sean 6. 
Wornandont teed cones. Cece eee. ee 
Command ont 166 O-) siya cictes voce 
Corn and oat. feed, De-Fi............. 





Mormanad oat teed, NO: 1) .6..¢sc0s60 4 
Wompand oatrieed. NO. 2.2.0.6 «kee de ss 
Corn and oat feed, Durham........... 
Corn and ost teed, BOSS .... 24.6... + ee 
MEOEETAN CONG LEO ois sc. cre co bale are sas oe 
1Corn and oat feed, Yankee........... 
Gorman A talCEGi nisin soe ss se o's te 


ISGRHPANICOAULEGE +... wicis ete sceude cs so ol 
MPOTMIATI CORE ACCU ..is cst le cc ais sl acd fea s « 
2Corn and oat feed, Durham .......... 
CornancdsOnt 166A. cos .sceco scbve (eres 
Gormancuont LOC. sc sa chloe ac salen sae es 
Corn and oat feed, chop feed.......... 
Corn and oat feed, provender.......... 
Corn, oats and wheat feed ............ 
1Corn, oats and middlings............. 
Sor OAtSialid SHIPS, . . cevsieccleecs «Sie ves. 
(Clarsiat, CPMRCTE ON Ye i mic ein ee ae Car eee ee 
Orn AOATS ADC TVG. fos cscs ee ces 
‘orn, oats, rye, hominy, and middlings. 
1Corn, oats, hominy and oat hulls...... 
1Corn, DEATAMGUIMIGGMN LS eas ee os 
Bn) BERL COC CNG, cap lc oe av etevas. s lal ove wie 
Mat ereOC EV Tine ttt ote + casi. eect lonis eet 


ADSL DELEQUIME Retest of. -c Gir tate ieee eles dusre os 
WON 8 terre Byfel le ye en 
ML EOG ATO V El seein seals es avosniey see 1 «6 is 
OER REC GS ee Se ee eee 


(C6 Laer hae i EOS A ae 
ROMO COOL ste re. Ak veer esas 


Ber) PES rata Sis clare vies Se 
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Smith & Romaine, New York 


Report oF THE INSPECTION WorK 


NAME AND ADDRESS OF MANUFACTURER 
OR JOBBER. 


_—_—_ —— 


Knickerbocker Milling Co., Albany............... 
Murer, Alfred, Co., Milwaukee, Wis............... 
Pillsbury-Washburne Flour Mills Co., Ltd., Min- 

HEAD OLS, Mina c+ ce ees a pe eke Sees © ae 
Staples, A. S. Rondout 


Waller, A., & Co., 


«ale Pre whe islet dS e268 Bas, Sena 0 @ 6. 6 


Henderson, Ky........ Soha.» tai 8 
American Cereal Co., Chicago, Ds...) #.aels aes 


American Cereal Co., Chicago, Il 
H. O. Company, The, Buffalo 


HoO. Contpan veil ne, Buitalo.st eat e .5. Meet we a 
Pineland Incubator Co., Jamesburg, N. J.......... 


ole syslw fe) aie w .6 6 Le ey Ob) 2 ee Be 


Harding, George L., Binghamton 


akratt, Pood 'Co;, Philadelphia. Paws... ape ok 


Spratt’s Patent, ‘Am.) Ltd., Newark, N. J 
Star Incubator Co., Bound Brook, N. 
Bowker Fertilizer Co., New York 


Darling & Co., Chicago, Tl 
Darling & Co., Chicago, Tl 
Harding, George I.., 


aS 0 eerele, « 
2/0. 5s UV oly Ss & @ 


@6.0:6 M6 .c wes Gin 0 6 Be © 


BY SG 0 O O'S 019 » 6.4 Btereks! © © e688 
CaP 8 6 ( 0. 0G Pe ele ee o Sher wie ee) a a 


Binghamton 


th:2.0'Ns id ole. wip ol shee ea a 


6 Oe 9 0 2. 6.0 9s Bt 6 1ahe © 6 0 © 








OF THE 
TasBiE II 
Sampled at 

Albany, Righter & Son............ 
Peekskill, George F. Cooley........ 
Fae es Or W.N. Carpenter...... 
Rondout, A..S.,Staplessa7e eee 
Lowville, Louis Bush...:........- 
New York, Excelsior Wire * 


Poultry Supply Cox 
New York, Cypher Incubator Co... 


New York, Excelsior Wire & 

Poultry Supply Co. 21. Re 
Albany,.Mahar Bros\ cae) eee 
New York, Excelsior Wire & 


Poultry Supply Co.) 292s eee 
Nemes York, Cornell Incubator Mfg. 
New York, Cypher Incubator Co.. 
New York, Cypher Incubator Co.. 
New York, Star Incubator Co...... 
New York, Excelsior Wire 

Poultry Supply.Coss.an. sae ee 
New York, Cypher Incubator Co... 
New York, Cypher Incubator Co.... 
Ne. York, Cornell Incubator Mfg. 
New York, Excelsior Wire 

Poultry Supply. Co.. ..:-ce08 ee 


New YorK AGRICULTURAL E 





1Not licensed in this state in 1902. 
7Licensed by the Great Western Cereal Co. 
8Licensed by De Witt Romaine. 


—(Concluded). 
PROTEIN. | 
Name of feed. —_————— 
Sicko ete teed. | 
| | 
Per ct. : 
MIO TINO N [COG tae ci sil. Sc ot eles ate aco Wa ss 9.92 
re yale 9» Seer aetna cade - Seinen gt alee ee 16.4 | 14.0 
LOTTE TE CTs bel A SES ears a Renee aeanene Ree Sele O0n| 
Arcade mixed feed, hominy, oat bulls| 
and royal oat CSRS ane Se ee 8.3 | 10.42 | 
Mixed feed, blue grass, wheat bran and| 
PIOUINOcCOLMCODS. nish cs cree 14°87 7,-12 259 
Poultry POOMPAINICTICAN | tact sb z el 52a L420 
Poultry food, American............... 15.2 | 14.0 
POUT VTOOU EE Ort.) d ase wierelaiw se & 19.9 | 17.0 
EOUUrWTOOU tule Otro teelee se css seis e 20.8 | 17.0 
WChick food, Fidelity................. | 15.6 | 20.47 
Chicktfq0d, Baby fessrnt.. beeen. 16.5 | 15.00 
1Poultry food, Prait’s Cis he ee Gee YC Ae ome a 
1Poultry food, Spratt’s patent......... ie Bees te 
1Poultry food, Star, morning mash..... be Had I a 
MER AEMRERL Coe ch ae he cee aw haa ot 39.8 | 30.0 
Beef scraps, ground.................. 65.2 | 55-65 | 
PUAETIIORA) otk SPO ee Gen Ngee A: LO 64.6 | 55-65 
US CTA Ae ene eae ee eS 72.2 | 49.0 
Boiled beef and bone................ 49.4 | 45.0 | 
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The samples analyzed may be classified as follows: 


TABLE III.— CLASSIFICATION OF SAMPLES ANALYZED. 


CottonsGed ments: (Re Pees Pe koRe So Bae ee 
TiniseecaiGal nc: as thera bebiuks sees bee. beets nee 2 
Gluten tneal bse Me bare...aiis dealin aetepee cee ee ee 
Given 66d 2) AR See as | Pe Be de 
Gara O1eien ao nik et ge Cl, Lee bees ee 
DISRRETY Orang Ua w cose, bes A ata c yh Oe oe 
Marsprovesy sree ce saree. ares vat ah PO Ber oe 
FIGHT Leeda avihphegl We cetint eas: Pals eure a ote ee ee 
Mixed offals (bran and middlings)................ 
Groundiprainsl:£ | adh bibs st Sea peas sae 
Moentiand bone Meal. a hte kena tee ee ee 











COMMENTS. 


The previous table shows the following 
stated by the retail dealers: 


Cottonseed: meal >. 2.2 c0 ocak eee 
Linseed meal; <)>... 6 ce eee eee 
Garten meal so. dette eee ee ee ee 


Glotenefeed:53 st ie IA oy pee eee 


MGISIRDLOULS. «on lete bet cuisine ee eee ees 


ELOMUINVELCCOR Ltn ach eee oe aAt ae 
Wheatiorals nies vive colnet eee 


Proprictary,.on mixed feeds:.o.2, 2255 ae 





Samples 
Samples. | Brands. | unlicensed 
goods. 
No. No. No. 
9 r 5 
11 6 1 
2 PN pe at BS 
6 5 2 
i Low wr Pee 
13 Tl ee 
8 8 6 
13 19 4 
17 Srybe. eeee 
6 Oo} Lareot spaata 
5 Pe ee 
64 54 16 
143 118 34 





range of prices as 


... $28-$32 per ton. 
seRMmhAO Se BG af 
sa Nee g: 
eel LOE ee . 
cae eee - 
ow ucO—et % 
.- +, Li 2 
sot pode 
See see aches “ 


Although the list shows a large number of samples of un- 
licensed goods, almost half of the number falls upon the pro- 
prietary or mixed goods. More unlicensed samples of cottonseed 
meal, malt sprouts and hominy feeds seem to have been found 
in our markets than in the two former years. 

It is gratifying to note that the discrepancies between the 
guarantees and the actual composition of the samples as 
analyzed are becoming less numerous from year to year. This 
may readily be seen from the following list: 


New YorK AGRICULTURAL EXPERIMENT STATION. 431 


TABLE LV.— SAMPLES FALLING BELOW GUARANTEES. 





In protein. In fat. 

i“ Per ct. Per ct 
A Te EEN) tt Aetetek A ON, OY 50 30 
ee ee a, fra ate ad pecs 31 23 
UE ir.) Seo, onto ana sete brciniahy, Ld + te aig eh ee ee 13 yf | 


Most of the discrepancies, during the past season, fall upon 
the unlicensed and proprietary goods, nearly all of the standard 
feeds being as good as indicated by the guarantee, in many 
cases even exceeding it. 

As repeatedly shown in former bulletins, the sale and use as 
adulterants of such materials as oat hulls and corn cobs are a 
serious menace not only to the commercial reputation of the 
feeding stuff trade, but to the farmer’s pocketbook. The atten- 
tion of consumers is emphatically directed to certain brands of 
goods included in the above list of analyses. 

A word of explanation, although a repetition of previous 
statements, is given in this connection. The percentage of crude 
fiber in oats is shown by tables of analyses to vary from 1.5 per 
ct. to 12.9 per ct., the average being 9.5 per ct., and in dent corn 
from 0.9 per ct. to 4.8 per ct., with an average of 2.2 per ect. If, 
then, a mixture is made of average corn and oats in equal parts, 
the percentage of fiber should approximate 5.8 per ct. If two- 
thirds corn and one-third oats, the average percentage of fiber 
would be 4.6 per ct. When, therefore, a mixture supposedly 
corn and oats, and which actually contains a considerable pro- 
portion of corn, shows 10 per ct. of fiber and upwards, it is 
reasonable to conclude that oat hulls or very inferior oats are 
present. Another indication of the presence of oat hulls in 
so-called corn and oat mixtures is a percentage of protein as 
low as 9 per ct. or below. To be sure some manufacturers are 
Shrewd enough to introduce into their compounded goods 
enough of some highly nitrogenous material to bring the pro- 
portion of protein up to or above what pure corn and oats 
would contain, but this expedient in no way increases the 
value of the inferior ingredients present. The percentages 


432 REPORT OF THE INSPECTION WoRK OF THS 


of protein and fat in a feeding stuff as so often urged, are only a 
partial measure of value. The character of the carbohydrate por- 
tion must be considered, and when oat hulls are present this part 
of the feed becomes more or less degraded. 

The same line of reasoning may be applied to other feeding 
stuffs. Pure hominy feeds, according to several analyses made 
in the laboratory of this Station, contain less than 5 per ct. of 
fiber. It is noticeable that the samples of hominy feed shown in 
the foregoing table appear to be divided into classes, one con- 
taining the normal proportion of fiber, viz.: 4.1 per ct. to 4.5 per 
ct., and another in which the fiber varies from 6.9 per ct. to 8.0 
per ct. The latter samples are somewhat inferior in appearance 
and show an abnormal proportion of fibrous material. 

There is being sold in the State a class of goods made up 
chiefly of wheat bran, but containing an adulterant which in 
certain instances is corn cobs or some material equally inferior. 
To the uninitiated such mixtures appear to be pure wheat bran. 
It is significant, however, that these goods are sold under pro- 
prietary names and that the guarantee for protein is less than 
what pure bran contains. Buyers should be on the watch for 
commodities of this class. 

The following table shows the samples to which it is well to 
apply the above considerations: 
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TaBLE V.— Branps NEEDING SPECIAL CONSIDERATION. 

















pa MANUFACTURER. Protein. | Fat. | Fiber. 
HoMINY FEEDS: Perct. | Perct. | Per ct. 
417 | The Miami Maize Co., Toledo, O.......... 10.9 8.6 7.5 
421 | The Miami Maize Co., Toledo. O.......... 10.8 9.5 7.9 
470 | The Miami Maize Co., Toledo, O.. be TA, 3 6.8 6.9 
471 Shellabarger Mill & Elevator Co., Decatur, 0. 11.3 6.6 8.0 
| PROPRIETARY AND MIXED FEEDs: 
385 | Victor Corn and Oat Feed <0... 0.0.0... 10.9 a 127 
B85 a Victor Gorn and Oat Feed. oii a0. .e. 2 oon rye 4.6 9.4 
p24 se victor Corn and Oat Heed. issue ect. co 10.8 | 4.5 | 10.7 
epee uner airy Feeds... +. fel stds ness 15,01) 3.8 15.1 
Pome acer airy. Feed «i x's «cs ants Peeled iis 15.2 | 5.6 | 15.2 
q20) (uaker airy. eed... iKks5 a a0 fee fim... . 18.6 5.8 | 13.7 
469 | De-Fi Corn and Oat Feed................. 1030 mend 10.4 
eA IMT ORE OOO on). i. vices hintntinmuve aid <> 2 8.1 ees ee 14.5 
SS WA OTS 1 TNS TAT ena a or me To 2.6 | 13.9 
amo Wor ieediows BGM ee. Vek Bins.) | 7.8 3.3 | 15.9 
Bete LIME E COD rr ces bays vee Pree ee pe 14.4 
202.1 Gormand Oat Provender’ . 225 29S, Ale | 8.7 | 3.64 32 
400 | Corn and Oat Chop Feed......:......... 8.7 |! 4.6 | 15.7 
Meme BOUNCE CPO cc. Sst eke Bice ees | P17 tem co ee 15.8 
482 \\Ateade Mixed Heed oars .jer. ce fob ek. 8.3 | 4,3 | b5 3 
Pe OMB Se ee Ls, Se kas phe Oude eer 29-9 
AvVO. ivan Wagsbeed +20)! te), BILOLA Ser. & Bry 2043 23.5 
ai OO CT AT EBICOU 6. frou ae ce Goldigkide us te 3.6 | 1 es 29.3 
Pree OVA) Oats Heed... oo cing es bw aide ve ob 6.1 | jp Wa 25 
SOM ALPE) .tvh. SA) O82. est orples. Baadrdon: 8.1 2,64 23 
| | \ 





The hominy feeds shown above are certainly of a somewhat 
different grade from those heretofore examined at the Station 
and known to be pure, but whether this is due to processes of 
manufacture or to the deliberate introduction of inferior mate- 
rial does not appear from the chemical analysis. 

It cannot be affirmed that all of the corn and oat feeds to 
which especial attention is called contain oat hulls. Some cer- 
tainly do, but in a few cases the high proportion of fiber may 
possibly be due to the use of light oats, though this seems 
doubtful. The last five feeds mentioned in the last table con- 
sist wholly or very largely of oat hulls, and considering their 


real value they are sold at ridiculously high prices. 
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REPORT “OF “ANALYSES® OF | (PARIS 
GREEN: AND OTHER JINSECPICi V2] 
IN 1902.*+ 


L. L. Van SLYKE AND W. H. ANDREWR. 


SUMMARY. i 


In accordance with the provisions of a law designed to pro- 
tect the purchasers of paris green, samples were secured during 
1902 and the results are published in this bulletin. 

In the 44 samples of paris green examined, the arsenious 
oxide varied from 55.39 to 61.40 per ct. and averaged 57.10 per 
ct. The water-soluble arsenious oxide varied from 0.61 to 1.35 
per ct. and averaged 1.01 per ct. 

The copper oxide varied from 27.03 to 30.79 per ct. and 
averaged 29.41 per ct. The amount of arsenious oxide in com- 
bination with copper varied from 50.63 to 57.60 per ct. and 
averaged 55.10 per ct. The general result of, the examination is 
to show a good quality of paris green in the market at the time 
the samples were taken. 


INTRODUCTION. 


During the year 1902 there were collected for analysis 44. 
samples of materials sold as paris green, and also one sample of 
paragrene and one of aiboneta. The 44 samples of paris green 
represent 23 different manufacturers, 7 of whom were not repre- 
sented in the samples examined by us in 1901. 

For a discussion of the chemistry of paris green and for a 
statement of the methods of chemical analysis used see Bulletin 
No. 190, p. 284. 


*Reprint of Bulletin No, 222. 
+Printed by the authority and under the direction of the Commissioner of Agriculture. 
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ANALYSIS OF SAMPLES OF PARIS GREEN IN 1902. 





























Total Water- a ea 
No. MANUFACTURER. pene ote Seeee Go He 
oxide. copper 
Per ct. Per ct: Per ct. Per ct. 

108 | Acme Color Works............. 56.86 Laze 30.66 56.86 
375 | Acme Color Works............. 56.86 L735 29.79 55.81 
369 | Adler Color and Chemical Co....| 55.52 RA: 28.66 53.89 
382 | Adler Color and Chemical Co.....| 56 25 £305 29..49 55.81 
387 | Adler Color and Chemical Co.....| 56.56 1.10 29 .29 54.82 
364 | A. B. Ansbacher & Co.......... 56.62 0.86 29.91 56.03 
365 | A. B. Ansbacher & Co.......... 56.62 0.86 29.48 Lats ya 
389 | A. B: Ansbacher & Co.......... 56.86 0.86 30.29 56.74 
TER re BOLT Vos. che o Frcsocoie, sy ms 6 agt* Ba2 56.50 0.98 29 .98 56.16 
OPER Wi tLAELY: « Senle ote sae oaths o wletece 57.48 2s 29 .85 55.92 
394 | Lewis Berger & Sons........... 57.05 0.61 30.29 56.74 
3r4-) James A. Blanchard :.../..... 58.15 0.86 28.72 53.80 
3774 James A.-Blanchard). 2 200). o. 57.60 TetO 29 .04 54.40 
399 | James A. Blanchard............ 55.76 oo 29.10 54.51 
Pit eGeorge C; Buell & Go... ca. ss 55.82 1.35 | 28:29 52.99 
373 | Charles M. Childs & Co.......... 59.87 0.98 27.41 bia Sp 
Boe PUTER ANG DOD. a)s a'e be owe eee ee 56.56 1735 29.10 | 54.51 
400 | Franklin Chemical Co........... 67 £35 1 29.79 55.81 
381 | Morris Herrmann & Co.......... 59.50 0.98 28 .04 52..oe 
367 | Morris Herrmann & Co.......... 60.78 1.10 Zt OO DLe2o 
390 | Morris Herrmann & Co,......... 61.40 1.10 27.03 50.63 
370 | Fred L. Lavanburg............ 57.05 0.86 | 29.66 55.56 
386 | Fred L. Lavanburg.............| 56.37 1.35 (7°30710 56.37 
106 | George E. Laverack............ 55.95 123) 12 4.29..73. | 55.69 
107 | George E. Laverack............ 55.39 1°23-F* 28.98 54,29 
110°} Leggett:& Bros...c.66. $e. eee: 56.62 0.61 30.23 56.62 
366 | Leggett & Bros...............- 59.01 0.86 28 .60 53.57 
B75 | Leggett a Bros....... iGo eA 56.74 1.10 | 29.66 55.56 
Pee PTT A AICAS. OC COiece ss. ¢ semysn’s oye 32 56.62 0.98 30.48 56.62 
mgemesoun Gucas & CO....c.c scenes cs a are te 0.74.| 30.48 Soa 
112 | N. Y. Enamel Paint Co......... 56.62 0.86 29.41 55.09 
RULES GY 96 0 ea 56.25 0.98 29.85 55.91 
Boom eriemier 24 5. t RTT, Pps! 56.86 0.86 29.66 55.56 
OME PE CIIIET Frauke oc a's cca a's 0 scent 56.93 0.74 29.85 55.91 
oe GC. L. neynolds & Co.......5... 59.62 0.80 | 28.16 52.75 
oGau (C,.L,-Reynolds.& Oo. . ee. fois 60.48 0.74 | 27.91 52.28 
ave 1 _C. T. Reynolds & Co......5..00. ay ewes: 0.86 29.41 55.09 
385 | Salomon & Schwartz........... 57.42 1:35 30.48 57.10 
371 | Sondheim, Alsberg & Co........ Diol 0.61 | 29.85 55.91 
379 | Stanley Jordan & Co..... i alee 57.97 0.86 |; 28.79 53.93 
391 | Towns '& Wright........5...... 56.01 0.98 28.98 54.29 
113 | The Williams & Carleton Co..... 5iK00 1.10 29 ia 55.69 
Mee ROTIRTIOWTDL, «5 vases c Sele cos ec macs 56.99 0.74 30.66 56.99 
ICPEMATIKTIO WIN, « oo. ctat a, oa; ochhe cco aBee 57.60 0.98 30.79 57.60 
1.47 LBOOV Ten ee ase 


388 | Paragrene, Fred L. Lavanburg...} 35.05 


AIBONETA, manufactured by Schoonmaker & Son, Cedar-Hill-on-Hudson. 
Arsenioug oxide, 4 50 percent. Soluble arsenious oxide, none. Arsenic jis 
present in form of lead arsenate. 
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DISCUSSION OF RESULTS OF CHEMICAL ANALYSIS. 


1. Total arsenious oxide.— In the 44 samples of materials sold 
as paris green and examined by us the amount of arsenic 
equivalent to arsenious oxide varies from 55.39 to 61.40 per ct., 
and averages 57.10 per ct. So far as the total arsenic content is 
concerned, the amount found indicates a high quality of paris 
green. The variation is about the same as last year and, except- 
ing four samples, is within surprisingly narrow limits. Were 
the total amount of arsenic present in paris green the only point 
to be considered, the quality would be regarded as very satis- 
factory, but we must consider at the same time the amount of 
water-soluble compounds of arsenic present in paris green. 

2. Water-soluble compounds of arsenic.— The presence of 
water-soluble arsenic in paris green is seriously objectionable 
owing to the fact that soluble arsenic compounds injure foliage. 
Hilgard, of California, states that in the dry climate of Cali- 
fornia paris green injures foliage when it contains an equivalent 
of more than 4 per ct. of arsenious oxide in the form of soluble 
arsenic compounds. The water-soluble arsenic most commonly 
occurring in paris green is in the form of arsenious oxide, com- 
mercially known as common white arsenic. 

The water-soluble arsenious oxide varies in the 44 samples of 
paris green examined from 0.61 to 1.35 per ct. and averages 1.01, 
which is far below the limit of harm prescribed for use as an 
insecticide and the limit fixed by law. 

3. Copper in paris green determined as copper owvide.— The 
amount of copper expressed as the equivalent of copper oxide 
varies in the 44 samples of paris green examined from 27.03 to 
30.79 per ct. and averages 29.41 per ct., which is about the same 
as in preceding years. 

4. Amount of arsenic oxide in combination with copper.— The 
law relating to paris green in this State was amended in 1901 
so as to correct certain defects existing in the original law with 
reference to the definition of paris green. The original law 
required that paris green should contain the equivalent of 50 
per ct. of arsenious oxide. This provision was needlessly low, 
and was also open to the very serious objection that it per- 


New YorK AGRICULTURAL EXPERIMENT STATION. 437 


mitted indefinite adulteration by common white arsenic. This 
defect has been corrected by requiring that paris green shall 
contain arsenic im combination with copper equivalent to not 
less than 50 per ct. of arsenious oxide. In ascertaining the 
amount of copper in combination with arsenic it has been 
assumed that all the copper present was so combined, except 
when found in excess. While this assumption is not strictly 
accurate, it answers the purpose, especially when the precaution 
is taken to examine the paris green for water-soluble forms of 
copper compounds. 

In the 44 samples of paris green examined the amount of 
arsenious oxide in combination with copper varied from 50.63 to 
57.60 per ct. and averaged 55.10 per ct., which is about 5 per et. 
higher than the minimum required by law. Only one sample 
fell below the limit, and this was only slighly below. 

5. General conclusion as to purity of paris green in market.— 
Our results indicate a satisfactory condition as to the arsenis 
content of paris green found in the market during 1902, and the 
same can be said as to the amount of water-soluble compounds 
present in the samples examined. 
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PERIODICALS RECEIVED BY THE STATION. 


mcrer UNG Gairlenvbal ZEILUDS.....s.s06es oes Complimentary. 
PPPRPCUI EAL RuTCOINISE var. ie ples sie cine choke ee ds 
Agricultural Gazette of New South Wales.... : 
Agricultural Journal and Mining’ Record 

J OR ULI Quays aaa et ett edema ea ta hag ap Re aapagie ra bat +. 
Agricultural Journal of the Cape of Good 

SOUL a eters Ae eed telltale enn lta teeta te ebe bad 
CP ACCUL ee ec ss cy ees eescsc alien es cs 
PIUCPICAMMANOCTICUIEUITISE 5-66 pce ee esc vee theese Subscription. 
PVericnl Onemicat VOUINdl ole eee ee a 
American Chemical Society Journal.......... Hf 
PUREE TO EIULV CUT 60 vive clei) avis skies wooo nk Complimentary. 
American Entomological Society, Transac- 

DRE ee Pe eee oe iene cc ae alee eheb'e eee Subscription. 
SPEER CRASIEE CL ICICES Eee nihig gh) cele s Sie ns! e ip tvieecn ss 5 
MPRTRME CHEER CLLIZOT rats lea so so hieieis «06s 6 a'ace m < es 
AMEE ES MEIN ooo Siti e a is oie wiv hie 6 b.6-8 doa e ws 
See RC aMUA ALT OCHIN Co. ts 5 fos’ cis.c'ge o> *'¥-0 9.5 ¢ fs 
enerican-Granege. Bulletin .... 22. ee eres ce ae Complimentary. 
© CORES GT ET TWN By 1725 REI ee in tS 
American Hay, Flour and Feed Journal....... eS 
American Journal of Physiology............. Subscription. 
American Monthly Microscopical Journal..... ee 
Bee reeecasstWere LCC ER LIS Coco g wale ao). copra vey ous ¥,ehe uc « 
American Philosophical Society, Proceedings.. Complimentary. 
American Poultry Journal........ Sie urea: x 
ee eS OCC A CETIED (yc ois eco nan op ole s slgiv es 
ETE A ELT 5 seis ess wing P's eae wete vip welee db ak Subscription. 
PsA STONOMIGUCS 0.6 an os asp ais cece oes 4 spas 

ce 


Annales de Institut Pasteur.........6cesses- 
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Annals and Magazine of Natural History..... Subscription. 
Annals Of) Botan ya acins os sn a steue y siesare trae eho fe 
Archiv der gesammte Physiologie (Pflueger)... ie 
Archiy fuer Hygiene. 27s 4s seg ee eo se ists f 
Association Belge des Chimistes, Bulletin..... Complimentary. 
Baltimore Weekly Sum isc. aicswcslse so steele nie’ aS 

Beet Sugar GazertGs cus sore onic etter wa tiviestare meee Me 
Beitraige zur Chemischen Physiologie und Path- 

OLO RIC SES ciaale orale isis a aoters see cena ny vee een Subscription. 
Berichte der deutschen botanischen Gesell- 

SOIL aise eos 10's Bonin eh Bas oda ca bae Wa oo cia eee ieee vy 
Berichte der deutschen chemischen Gesell- 

SOHAL oor ieeci nea a sos nk cs eee Sertecn ea ee ne 
Biological Bulletiniwci cu. .e ees hue a eee ee 
Biolovisches Centralblatt:. o1.c sca nae eae < 
Boletin do Instituto Agronomico do Estada de 

SAG Pani@cis oh. tang cereus ea bye ae nee Complimentary. 
Boletin de Agricultura Tropical.............. re 
Boston Society of Natural History, Proceedings, Subscription. 
Botanical Department, Jamaica, Bulletin..... Complimentary. 
BOCAN UAL (3 ZOU Go. ccc ctee ate Wate ote e eee eee Subscription. 
Botanische Zeitung... so se. ee ee ee i 
Botanisches Centralblatte,..,:ceses te caret eres = 
BOfanisters Lier. ciated sore o's, pl ethtocetel heoee aimbeee Caen cM 
Breedere =: Gazerre sss sce grass, ots ace garcons s 
Buffalo Society of Natural Sciences, Bulletin... Complimentary. 
OdbOrnig ernic: GTOW Cre acces sae ees are ee Subscription. 
Canadian Entomologist <.4 ws 6 cio es ee te 
Canadian  HOPiculturist)ccerccets ate tee aene Complimentary. 
el TT Le GEL vic ates Meperuesne pa wets tual ate visit et meta avenener ens ey 


Centralblatt fuer Agrikultur-Chemie ........ Subscription. 
Centralblatt fuer Bakteriologie und Parasiten- 


KULTUAG ie 04a Wal 0oe clots va chcae ee ventas note hc aes ates Foe ate os 
Chemical NGws ico. e lesuste widen trie eta eee pf 
Chemicals Society, J Ourmmael .cocy ach we were oe 34 
Chemiker Zero ng °2 os ica ad eat ene Gee | i 
Chemisches ~Centralblatte 77. isk teenie ie 


Chicago=Daily Drovers “Journal =... «2a Complimentary. 
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UTA OSI AITV OP TOUUCE. Aer. 'ats erereratera te sete are's Complimentary. 
Cincinnati Society of Natural History, Journal rf 
Columbus Horticultural Society, Journal...... s 
SIC ECIALeLOULUDY: eit Se ihe oe ene eee ees 4 
Peetury Genvleman foes ce ees fee Oe aa Subscription. 
RPE OLIC eee oe eee ee Ce Oe. Complimentary. 
PO DUBOTCAINGTY StS Sooo SET E LESS PO ESS i 
ee OGRE TCOMELORSS SSS ee ae eee oe ees or 
Edwards’ Fruit Grower and Farmer......... e 
MeOH NY ALO POLUMmee oho tc es freee es ¢ 
Elisha Mitchell Scientific Society, Journal.... cs 
English Catalogue of Books.................. a 
PROTO PACH INGWH op ec oclcist eee eee es ole da Subscription. 
Entomological Society of Washington, Proceed- 

eee ee SEE Se oP LS ca 
PrcomMmologvische AGItschritt sis iye eee ee es 
PMERORPEL OSS Pere CIRCE ee rs ok. tee es es ie ees is 
WCHOOLOSISIS IKCCOLU . i 5c ee ces o's cede os : 
BE TUMAULOILCVIOCW Cole vets tse ce seis elec Ses cca ese Complimentary. 
PUI ILC OIG coats ts ares hee esis «cle ee es ns 
rere rT EL OMG arte ele era's oie lade ereiciste ce og esi « re 
10 cea Tite bait locate sg a hal aaah a liters ilies Aelia dere 
EMME Steet Se et Soret eae ce baler eae " 
Paroree ourtry Semi-Monthly 2. 0c. c ok ot ie 
RecrrmersCir aT LONE settee sce eck sae oR 6 s 
SERRE MANLY OCOLG C atetse ee Seeicin scree ke tia stet ene m 
Oe Makes gS) Led 399 6 en ia gi Ago Rm te ai a Pa Arey iy rac * 
Mere OE TLE MET Aas ae cents cies Chie a ore chron © 
PE GUCT RG SIGIVEAG Mori ec fot cc ee vas fete Flees és 
PELE S SP ETIDUUCr enna ie tee cecekte.+ sete tele «> a 
PECL MEY INE cc, Vs tara te me aes ee boo waters se ee 5 > Be 
MECC LIOD ATI Cate ee rae cis wis thie sie a .... Subscription. 
PULLEY OFIG. © ie tite ie sete e ete cis ae se ees e's a3 
PETIT INEB ORC ALIS Os tetats eePIO ON ere Clee ee e's s oie e 3 
PERO LLE COLL ACCC a Me Serovar eicltel fio giene oc "o sheng he Complimentary. 
Fuehling’s Landwirtschaftliche Zeitung....... Subscription. 
EUW ATS Mr oes. Rees eg Gn opt Rn AER a eA one mR tg “ 


AE STCT SS TIPONICIO -clome ec Ce Oe SL Soe ea * 
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Gardening gis Ge Se oe Peale ey be Oe Subscription. 
Gartenwel to. 2.8 Caner k.. orgdab ht. dan RM Rae re 
Gleanings in Bee Culture...............0000- Complimentary. 
Green’siiruitrv Grower .. 255 ce ous as ee ay 2 . 
Hartwick Seminary Monthly.................. c. 
UTS a Pct) SA ee ee oo ei nel Subscription. 
Herd Registetstii ocak deviance ae Complimentary. 
Hoard’s .Dairymaniccag Ula ales tae eos wy 
Holstein-Friesian Register ...............6055 a 
Homestead .« > Bite rides 1 dneccineah.. <b oeae : 
Horticultural: Visitor ¢ ss oo. 03 talngie sekieanian vd 
Hygienische Rundschau ..............e00ees Subscription. 
Yadians anor... ots, eae poe Complimentary. 
Endustrie Laitiere jie n04T « peipoed dan: Ge pale iy 
EesectaW orld sors elt tates ess ine te eee eee 

Ithaca Democrats. 4 si<ctuuienis ue 

dahresbericht der Agrikultur-Chemie ........ Subscription. 
Jdahresbericht Garungs-Organismen ........ ¥ 
Jdahresbericht der Nahrungs und Gon canittel + 
Jahresbericht Pflanzenschutzes ............. . 

POTSOT SCE. «AN kinase aoe en ee Complimentary. 


Journal d’Agriculture Pratique ............ Subscription. 
Journal of Applied Microscopy ......... ; 


Jdournal.de Botanigue « .+.. 2... <.« mmfebicieplieie me 
Journal of the Department of Agriculture of 

Western:A ustraliaiinsiat. Siesta Complimentary. 
Journal of Experimental Medicine........... Subscription. 
Journal fuer Landwirtschaft .:............. # 
Journals OfuMiy cology... - a's os ae cs ca ee . 
SMITA M OT PUT RIOLOOY ese al acters «ate dee aha i 
Jdust’s Botanischer Jahresbericht............. * 
Landwirtschaftlicher Jahrbuch. ............ . 
Landwirtschaftlichen Versuchs-Stationen .... + 
Renuisinnak lantern. <4 7 ys tees Oa ee soe Complimentary. 
Meohan'seMonthly'y sx vert. ic + cfutwie area en Subscription. 
Milch: Zeitung. xs... Scmpitak’s lelutoidesteniaies %y 
airror sand ¢Harcmer yee 2c enone eee Complimentary. 
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PIAUIOUAVONUTSETYMAN 5 Fee ee eee os Complimentary. 
National Farmer and Stock Grower.......... sf 
National Stockman and Farmer.............. sé 
MOUNT NO NIUH LGB cet els cecchc fue is ke le woo oo * 
PU EUISLCTE fete a ies fn a's RT OHIR OM. BH. « Subscription. 
Waturaliste Canadienne... 2.2.0.0... eee ews a: 
RARE RAT cL Doha b esta oleae sess lois. w ale’ sie talked a 
PPAR OAL CE 4 oan pp lvsBhiSTRGG AG) « apederd ade dhe: Laarets Complimentary. 
New England Farmer............0.000..005. ge 
New York Academy of Science, Annals and 

LOSE EOL OES ON Gas gee a aed he aD renee Veena 2 FF Subscription. 
New York Botanical Garden, Bulletin........ Complimentary. 
New York Entomological Society, Journal.... Subscription. 
MEMES IUALTNCT: (ovis sie oda sc esos scenes Complimentary. 
Pewee OT rate Granver. .. ow. sce sce ce scene ‘ 
NeW OMe LliDUNe Parmer iaic.t, <0) ecrlacde Lasers 4 
North American Horticulturist............... 3 
Nori west sEHorticulturistt (ih ovcsiewd als an aan 4) 
Pronnunvestnr acific Warmers... 6. ke 5 43.0 tta ry 
Oesterreichische Chemiker Zeitung........... Subscription. 
Me Da LMOr ssa kbaradt « x aeiecrtd. lade. ya syy (e's Complimentary. 
EAT abi yhecd Ws NV og 102 Oi aa el Subscription. 
Bm av: MI CT io io ewe oe nce EGA tie Complimentary. 
Pacer courtt Dairymanspiias) oicaye ts yl ad past $ 
Pacific Coast Fanciers’ Monthly.............. Subscription. 
eC IAL TOSS og oss yes oe o.oo See aces els ef + 
Be TERI es ga.) 0 is alate (ee nso agdislee ese’ s *§ 
Photographic Times-Bulletin ............... 4 
Hopular Aencalurisvy tee. oi h0.(1 wil. ded debe Complimentary. 
MULE eler gl occ.) leatie sbi as > ferem oass erste Subscription. 
Petey I COCDET! . e civ dc sccieeltiiie,o.., eee elke Complimentary. 
eRe aMRTICLUS ET VS gs, ras aieay'a at 5,-«,'s) «, 4, 0, #00 ea PER 3 
Berea ML OTLEY Gee oie iy C08 ose cep oy eleseieiage eg oS 2 
Practical Poultryman and Poultry Star....... - 
Ree ee EP INOT on 5 (5,5; 3, 5, 8,0, 0 g «TOs t ‘S 
Peace rte -Ca TOWEL), 5% vais aca we pia 5 HERES $ 
Praktische Blatter fuer Pflanzenschutz........ Subscription. 


Procren Avricole et Viticoles. ics... seb. is - 
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PRYCHE BUR Li po Per ewe PLONE TE aN ee Subscription. 
Queensland Agricultural Journal............ Complimentary. 
Reliable Poultry - Journals... V.eon 08 Oat Subscription. 
RE Pup lic ye TN en IR ee MR A ot oh aioe fs 

Revue Generale de Botanique................ , 

Revue Horticole sssstcswcwiene wei bo 0 PM 

Revue My cologique w-.-0 wiv awa in ene 

Royal Agricultural Society, Journal.......... a 

Royal Horticultural Society Journal.......... Complimentary. 
Rural New Yorker Freei ss. 220s A ee Subscription. 
Sa PawadHerAld bs sasetiae seer Re Aw es Complimentary. 
Saint Louis Academy of Science, Transactions, ¢ 
Sanitary inspector SETS Ls PPIS ART SV Oe € 
SCIENCE ees has nisairsintewiawiee heen ee ... Subscription. 
Scientific’: Roll sks ne ee ee ete ¢ 
Society of Chemical Industry Journal......... 
Societe Entomologique de France, Bulletin.... Complimentary. 
Societe Mycologique de France, Bulletin...... Subscription. 
Southern: Planter: s2F (202. 926s een a Ae Complimentary. 
Southern? Patrm Magazine. 7s Tay Ae: * 
Southwestern Farmer and American Horticul- 

LOTS Bre S544 SUA SS es nn 2 ee as 
Station}‘Parm and: Dairys ow... 665 se ten os vi, 4 
Stazione Sperimentale Agrarie Italiane....... 
Strawberry’ Specialist \ >. .o. tPA A, of 
Suffolk “Bulletin hve cette states « 

Susar Beet 44k ek Ae BS ae rete oe 

Texas Stockman and Farmer...v..) ei. coi. sf 
Torrey Botanical Club, Bulletins and Memoirs, Subscription. 
Up-to-Date Farming and Gardening.......... Complimentary. 
UticatSemrw eekly: Press. sees eter ee ed ee % 
Wallace's <M armeny . i706 Ni, thas ssotones otyhs ie beeen $ 
Weatkin8 REvVIGW! 25 i .5 ioc enere ate ie tatetb tolerate dios & clahe € 

West Virginia Farm Review..........3.0.... fe 
Western  Pruit-Grower<s ¢ a s.:ssettaretetore aha te aot ‘is 
Western Plowman: ¢ : 4 others oe ton me 
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Zeitschrift fuer Analytische Chemie.......... Subscription. 


Metesenritt fuer Bidlogie..... ccs. s rece ceive sf 
Zeitschrift fuer Entomologie................. Complimentary. 
Zeitschrift fuer Fleisch und Milch Hygiene. ... Subscription. 
Zeitschrift fuer Pflanzenkrankheiten.......... ie 
Zeitschrift fuer Physiologische Chemie........ 4 
Zeitschrift fuer Untersuchung der Nahrungs 

BR EL SINTC CC) feo eee cies oe oc Datta iy oaks * 
PI PISCUGTMANZCIOCD. 5 sides ts siecle ds sau eis : 
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SUMMARY OF DIRECTION OF WIND For 1902 ure To May Ist.* 











Spiteed Rorive ao | EZ 
Bprasaheas | 8S 
e oy ° 7 -— 
ee | a | gi | Be |g 
Zz a n w = 
Hours. | Hours. | Hours. | Hours. Hours. 
JVENa ET SS 8 io PRA a a 30 67 182 300 632 
HUMEETIA TC ten, | ars Sut tee reciitaticd cvte rede ae 2 18 60 120 319 517 
March byes Ssh cy fities “IAN Cape Aa, NPS era 58 83 163 329 633 
Jay @iurbh spt cl biokhey Oe ECHR ee ORO Pre 44 96 108 345 593 
Total hours of movement.............. 150 306 573 1,346 2,375 
Percentage of time in each direction......... 6.3 12.9 24.1 ey (al Pree Ao 





* Instrument burned with barn May 7th. 
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